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7KLV#DSSHQGL[#GHVFULEHV#WKH#DVVHVVPHQW#RI#FRVWV
DQG# EHQHILWV# RI# 7LWOH# 9,# RI# WKH# &OHDQ# $LU# $FW
$PHQGPHQWV#+&$$$,1##3URYLVLRQV#XQGHU#7LWOH#9,
OLPLW# HPLVVLRQV# RI# VWUDWRVSKHULF# R]RQH0GHSOHWLQJ
FKHPLFDOV1##&RVW#DQG#EHQHILW#HVWLPDWHV#RI#7LWOH#9,
SURYLVLRQV# DUH#GHULYHG# IURP# D# VHFRQGDU\# DQDO\VLV
WKDW#XSGDWHV#NH\#HFRQRPLF#YDOXDWLRQ#FRPSRQHQWV#RI
SUHYLRXV#DQDO\VHV#FRQGXFWHG#E\#(3$*V#2IILFH#RI#$LU
DQG#5DGLDWLRQ/#6WUDWRVSKHULF#3URWHFWLRQ#'LYLVLRQ1
:H# FKRVH# WR# SHUIRUP# D# VHFRQGDU\# DQDO\VLV# IRU
VHYHUDO#UHDVRQV=#+4,#SULRU#DQDO\VHV#VXJJHVW#WKDW#WKH
EHQHILWV# RI# WKHVH# SURJUDPV# IDU# H[FHHG# WKH# FRVWV/
VXJJHVWLQJ#D#SRWHQWLDOO\# ORZ#YDOXH#RI# LQIRUPDWLRQ
IURP# UH0HVWLPDWLQJ# FRVWV# DQG# EHQHILWV# LQ# QHZ
SULPDU\#DQDO\VHV>#+5,#SULRU#DQDO\VHV#ZHUH#H[WHQVLYHO\
SHHU0UHYLHZHG># +6,#WKH#FRVWV#DQG#EHQHILWV#RI#WKHVH
SURYLVLRQV# DUH# ODUJHO\# VHSDUDEOH# IURP# SURYLVLRQV
LPSOHPHQWHG#XQGHU#RWKHU#WLWOHV#RI#WKH#&OHDQ#$LU#$FW
$PHQGPHQWV># DQG# +7,# GHYHORSLQJ# QHZ# SULPDU\
HVWLPDWHV# ZRXOG# LQYROYH# FRQVLGHUDEOH# WLPH# DQG
H[SHQVH1##:H#WKHUHIRUH#SURYLGH#D#QHZ#DVVHVVPHQW#RI
WKH#YDOXDWLRQ#RI#EHQHILWV#WR#HQVXUH#FRQVLVWHQF\#ZLWK
RWKHU#SRUWLRQV#RI#WKH#SURVSHFWLYH#DQDO\VLV/#EXW##KDYH
QRW#UH0DVVHVVHG#WKH#$JHQF\*V#SUHYLRXV#HVWLPDWHV#RI
VWUDWRVSKHULF# R]RQH# GHSOHWHU# HPLVVLRQV/
VWUDWRVSKHULF#R]RQH# ORVV/# FKDQJHV# LQ# H[SRVXUH# WR
890E#UDGLDWLRQ/#FKDQJHV#LQ#SK\VLFDO#HIIHFWV/#RU#WKH
FRVWV#RI#7LWOH#9,#SURYLVLRQV1

8QOLNH#HVWLPDWHV#IRU#RWKHU#7LWOHV#RI#WKH#&$$$/
ZH# SUHVHQW# HVWLPDWHV# IRU#7LWOH#9,# DV#QHW#SUHVHQW
YDOXHV#RI#WKH#VWUHDPV#RI#DQQXDO#FRVWV#DQG#EHQHILWV1
7KH#UDWLRQDOH#IRU#WKLV#W\SH#RI##SUHVHQWDWLRQ#RI#FRVWV
DQG#EHQHILWV#UHODWHV#WR#WKH#ORQJ0WHUP#QDWXUH#RI#WKH
PHFKDQLVPV#RI#VWUDWRVSKHULF#R]RQH#GHSOHWLRQ#DQG
PHDVXUHV#WDNHQ#WR#DYRLG#GHSOHWLRQ1# #6WUDWRVSKHULF
R]RQH# LV#D#JOREDO#UHVRXUFH/#DQG# LWV#IRUPDWLRQ#DQG
GHSOHWLRQ#DUH##JRYHUQHG#E\#ORQJ0WHUP#SURFHVVHV#WKDW
PD\#WDNH#SODFH#RYHU#GHFDGDO#RU#ORQJHU#WLPH#VFDOHV1

$WWHPSWLQJ#WR#SDUVH#WKH#LQFUHPHQWDO#HIIHFWV#RI#DQ
DQQXDO#UHGXFWLRQ# LQ#HPLVVLRQV#RI#R]RQH#GHSOHWLQJ
VXEVWDQFHV# DQG# HVWLPDWH# LWV# LPSDFW# DW# WKH# XQLW
HPLVVLRQV# OHYHO# LV# DQ# H[WUHPHO\# GLIILFXOW/# LI# QRW
LPSRVVLEOH/# WDVN# DQG#ZDV# QRW# DWWHPSWHG# IRU# WKLV
H[HUFLVH1##

)RU# WKH# VDPH# UHDVRQV/#:H# FRQGXFW# D# ORQJHU
WLPH0VFDOH#RI#DQDO\VLV#WKDQ#LV#XVHG#LQ#WKH#UHPDLQGHU
RI#WKH#VWXG\1##:H#HVWLPDWH#FRVW#RYHU#WKH#SHULRG#4<<3
WKURXJK#53:8/#DQG#EHQHILWV#DUH#HVWLPDWHG#RYHU#WKH
SHULRG#4<<3#WR#54:81##7KH#GLIIHUHQFH#LQ#WLPH#VFDOHV
IRU# FRVWV# DQG#EHQHILWV# UHIOHFWV# WKH#SHUVLVWHQFH#RI
R]RQH#GHSOHWLQJ#VXEVWDQFHV#LQ#WKH#DWPRVSKHUH/#WKH
VORZ#SURFHVVHV#RI#R]RQH#IRUPDWLRQ#DQG#GHSOHWLRQ/
DQG##ODJV#LQ#WKH#PDQLIHVWDWLRQ#RI#SK\VLFDO#HIIHFWV#LQ
UHVSRQVH# WR# H[SRVXUH# WR# HOHYDWHG# OHYHOV#RI#890E
UDGLDWLRQ1##7KH#IXOO#EHQHILWV#RI#HPLVVLRQV#UHGXFWLRQV
DFKLHYHG#GXULQJ#4<<3#WR#53:8#DFFUXH#DFURVV#PDQ\
GHFDGHV# DQG# VHYHUDO# JHQHUDWLRQV/# UHTXLULQJ# DQ
H[WHQGHG#WLPH#VFDOH#IRU#EHQHILWV#DQDO\VLV1

,Q#WKH#QH[W#VHFWLRQ#RI#WKH#DSSHQGL[/#ZH#SURYLGH
D# EULHI# KLVWRU\# RI# 7LWOH#9,# DQG# LWV# DPHQGPHQWV1
1H[W#ZH#VXPPDUL]H#WKH#JHQHUDO#DSSURDFKHV#XVHG#WR
HVWLPDWH#WKH#FRVWV#DQG#EHQHILWV#LQ#SUHYLRXV#DQDO\VHV/
DQG#ZH#GHVFULEH#RXU#VWUDWHJ\#IRU#PRGLI\LQJ#VHYHUDO
DQDO\WLFDO#SDUDPHWHUV#WR#HQVXUH#FRQVLVWHQF\#ZLWK#WKH
DVVHVVPHQWV#RI#RWKHU# WLWOHV#RI# WKH#&OHDQ#$LU#$FW1
)LQDOO\/#ZH#SUHVHQW#WKH#DGMXVWHG#FRVW#DQG#EHQHILWV
IURP# 4<<3# WR# 5498# DQG# GLVFXVV# WKH# XQFHUWDLQW\
DVVRFLDWHG#ZLWK#WKH#DQDO\VHV1

History of Stratospheric Ozone
Protection and the CAAA

7KH# SURWHFWLRQ# RI# VWUDWRVSKHULF# R]RQH# LV# DQ
LQWHUQDWLRQDO#HIIRUW/#UHVXOWLQJ#LQ#VHYHUDO#PXOWLQDWLRQDO
DJUHHPHQWV1#7KH#8QLWHG#6WDWHV#KDV#ERWK#SDUWLFLSDWHG
LQ# WKH# GHYHORSPHQW# RI# WKHVH# LQWHUQDWLRQDO
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DJUHHPHQWV#DQG#KDV#FUHDWHG#LWV#RZQ#UHGXFWLRQ#DQG D#GHFUHDVH#LQ#&)&#SURGXFWLRQ#WR#83#SHUFHQW#RI#4<;9
SKDVHRXW#VFKHGXOHV#IRU#R]RQH0GHSOHWLQJ#VXEVWDQFHV SURGXFWLRQ#OHYHOV#E\#4<<8#DQG#48#SHUFHQW#RI#4<;9
XVHG# ZLWKLQ# LWV# ERUGHUV1# 7KHVH# UHGXFWLRQ# DQG OHYHOV# E\# 4<<:,1# # $FFRUGLQJ# WR# WKLV# /RQGRQ
SKDVHRXW#VFKHGXOHV/#FRGLILHG#XQGHU#7LWOH#9,#RI#WKH $JUHHPHQW/# SURGXFWLRQ# RI# &)&V/# KDORQV/# DQG
&OHDQ#$LU#$FW#$PHQGPHQWV/#DUH#RIWHQ#VWULFWHU#WKDQ FDUERQ#WHWUDFKORULGH#ZLOO#FHDVH#E\#5333#DQG#PHWK\O
WKH# LQWHUQDWLRQDO# DJUHHPHQWV# WKDW#SUHFHGHG# WKHP1 FKORURIRUP#+0&),#SURGXFWLRQ#ZRXOG#HQG#E\#53381
%HORZ# ZH# EULHIO\# GHVFULEH# WKH# KLVWRU\# RI# WKH
LQWHUQDWLRQDO#DJUHHPHQWV#DQG# WKHLU#UHODWLRQVKLS# WR ,Q# 1RYHPEHU# 4<<3# 3UHVLGHQW# *HRUJH# %XVK
WKH#&OHDQ#$LU#$FW#$PHQGPHQWV1 VLJQHG# WKH#&OHDQ#$LU#$FW#$PHQGPHQWV# +&$$$,/

7KH#8QLWHG# 6WDWHV/# WKH#(XURSHDQ#(FRQRPLF PDMRU# VHFWLRQV/#RI#ZKLFK# WKH#PRVW# LPSRUWDQW#DUH
&RPPXQLW\/# DQG# 56# RWKHU# FRXQWULHV# VLJQHG# WKH VHFWLRQV#937#DQG#9391##6HFWLRQ#937#DFFHOHUDWHV#WKH
%0RQWUHDO#3URWRFRO#RQ#6XEVWDQFHV#WKDW#'HSOHWH#WKH /RQGRQ#$JUHHPHQW*V#UHGXFWLRQ#VFKHGXOHV#IRU#&)&V/
2]RQH# /D\HU%# +4<;:# 0RQWUHDO# 3URWRFRO,# RQ KDORQV/#DQG#FDUERQ#WHWUDFKORULGH#DQG#VKRUWHQV#WKH
6HSWHPEHU# 49/# 4<;:1# #7KLUW\0IRXU# FRXQWULHV# WKHQ WLPH# DOORZHG# IRU#PHWK\O#FKORURIRUP#SKDVHRXW#E\
UDWLILHG#WKLV#SURWRFRO1##7KH#DJUHHPHQW#SURKLELWV#WKH WKUHH# \HDUV1# 6HFWLRQ# 939# DOORZV# &RQJUHVV# WR
XVH#RI# FKORURIOXRURFDUERQV# +&)&V,#EH\RQG# 4<;9 DFFHOHUDWH#WKH#UHGXFWLRQ#DQG#SKDVHRXW#VFKHGXOHV#RI
XVDJH#OHYHOV#VWDUWLQJ#LQ#PLG04<;<#DQG#HVWDEOLVKHV#D VHFWLRQ# 937# LI#QHFHVVDU\# WR#SURWHFW#KXPDQ#KHDOWK
VFKHGXOH#IRU#UHGXFLQJ##WKH#SURGXFWLRQ#RI#&)&V#+L1H1/ DQG# WKH#HQYLURQPHQW1#7RJHWKHU/#VHFWLRQV#937#DQG
D#53#SHUFHQW#UHGXFWLRQ#LQ#&)&#SURGXFWLRQ#LQ#4<<6 939#JHQHUDWH#QHDUO\#DOO#RI#WKH#FRVWV#DQG#EHQHILWV#RI
DQG#D#83#SHUFHQW#UHGXFWLRQ#LQ#4<<;,1##7KH#SURWRFRO 7LWOH# 9,1# 7KH# UHPDLQLQJ# VHFWLRQV# LQFOXGH# WKH
DOVR#IRUELGV#WKH#SURGXFWLRQ#RI#KDORQV#EH\RQG#4<;9 IROORZLQJ=#VHFWLRQ#93;#+ZKLFK#UHTXLUHV#WKH#(3$#WR
SURGXFWLRQ#OHYHOV#VWDUWLQJ#LQ#4<<51#2Q#$XJXVW#45/ HVWDEOLVK#VWDQGDUGV#UHJDUGLQJ#WKH#XVH#DQG#GLVSRVDO#RI
4<;;/# WKH#8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\ R]RQH0GHSOHWLQJ# VXEVWDQFHV# GXULQJ# WKH# VHUYLFH/
+(3$,# SXEOLVKHG# ILQDO# UHJXODWLRQV# WR# SURWHFW UHSDLU/# RU# GLVSRVDO# RI# DSSOLDQFHV# DQG# LQGXVWULDO
VWUDWRVSKHULF# R]RQH# DQG# FRPSO\# ZLWK# WKH UHIULJHUDWRUV,>#VHFWLRQ#93<#+ZKLFK#UHTXLUHV#WKH#(3$
UHTXLUHPHQWV#RI#WKH#4<;:#0RQWUHDO#3URWRFRO1 WR# UHJXODWH# WKH# VHUYLFLQJ# RI# PRWRU# YHKLFOH# DLU4

$IWHU# UDWLILFDWLRQ# RI# WKH# 0RQWUHDO# 3URWRFRO WKH#(3$#PXVW#HVWDEOLVK# ODEHOLQJ#UHTXLUHPHQWV#IRU
VFLHQWLVWV#GHWHUPLQHG#WKDW#WKH#ORVV#RI#VWUDWRVSKHULF FRQWDLQHUV#RI#R]RQH0GHSOHWLQJ#VXEVWDQFHV#DQG# IRU
R]RQH#ZDV#JUHDWHU#WKDQ#WKH\#KDG#RULJLQDOO\#WKRXJKW SURGXFWV#FRQWDLQLQJ#WKHVH#VXEVWDQFHV,1##7KLV#DQDO\VLV
DQG#WKDW#PDQ0PDGH#FRPSRXQGV#FRQWDLQLQJ#EURPLQH GRHV#QRW#H[DPLQH#WKH#FRVWV#DQG#EHQHILWV#RI#VHFWLRQ
DQG# FKORULQH# ZHUH# UHVSRQVLEOH# IRU# WKLV# ORVV1 938/#ZKLFK# LQVWLWXWHV# WKH# UHGXFWLRQ# DQG#SKDVHRXW
&RQVHTXHQWO\/#LQ#-XQH#4<<3#WKH#FRXQWULHV#WKDW##KDG VFKHGXOHV#IRU#K\GURFKORURIOXRURFDUERQV#++&)&V,/
VLJQHG# WKH#0RQWUHDO#3URWRFRO#PHW# LQ#/RQGRQ# WR EHFDXVH# WKH# VFKHGXOHV# RI# VHFWLRQ# 939# VXSHUVHGH
GHYHORS#DQ#DFFHOHUDWHG#&)&#UHGXFWLRQ#VFKHGXOH#+L1H1/ VHFWLRQ# 938*V# WLPHWDEOHV1# # 7DEOH#*04# SURYLGHV# D

5

ZKLFK# LQFOXGH#7LWOH#9,1# #7KLV# WLWOH#FRQVLVWV#RI#VL[

FRQGLWLRQHUV,>#DQG#VHFWLRQ#944#+ZKLFK#VWLSXODWHV#WKDW

GHVFULSWLRQ#RI#WKH#SULQFLSDO#VHFWLRQV#RI#WKH#&$$$*V
7LWOH#9,1#

#,&)/#,QFRUSRUDWHG/#5HJXODWRU\#,PSDFW#$QDO\VLV=#&RPSOLDQFH4

ZLWK# 6HFWLRQ# 937# RI# WKH#&OHDQ#$LU#$FW# IRU# WKH# 3KDVHRXW# RI#2]RQH
'HSOHWLQJ#&KHPLFDOV/#3UHSDUHG#IRU#*OREDO#&KDQJH#'LYLVLRQ/##2IILFH
RI#$LU#DQG#5DGLDWLRQ/##8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\/
:DVKLQJWRQ/#'1&1/#-XO\#4/#4<<5/#SDJH#(6041 ,ELG/#(604#DQG#(60515
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Table G-1
Six Major Sections of Title VI

Section Description

Section 604 - Class I Phaseout Institutes the reduction and phaseout schedules for Class I substances
(methyl chloroform, halons, chlorofluorocarbons, carbon tetrachloride).

Section 605 - Class II Phaseout Institutes the reduction and phaseout schedules for Class II substances
(hydrochlorofluorocarbons).

Section 606 - Accelerated Schedule Permits Congress to accelerate the phaseout schedule of Class I and II
substances if necessary for the protection of human health and the
environment.

Also, if countries modify the Montreal Protocol to accelerate phaseout
schedules of Class I and II chemicals, Congress can amend the Clean Air
Act to reflect these modifications.

Section 608 - National Recycling and Requires the EPA to establish standards regarding the use and disposal of
Emission Reduction Program Class I and II substances during the service, repair, or disposal of

appliances and industrial refrigeration units.

Section 609 - Servicing of Motor Requires the EPA to regulate the servicing of motor vehicle air
Vehicle Air Conditioners conditioners.

Section 611 - Labeling Stipulates that the EPA establish labeling requirements for containers of
Class I and II substances and for products containing these substances.

,Q#1RYHPEHU#4<<5#WKH#SDUWLHV#WR#WKH#0RQWUHDO GHDGOLQH# IRU#K\GUREURPRIOXRURFDUERQV# ++%)&V,/
3URWRFRO# PHW# LQ# &RSHQKDJHQ# WR# HVWDEOLVK# DQ FKHPLFDOV#QRW#UHJXODWHG#XQGHU#WKH#HDUOLHU#/RQGRQ
DJUHHPHQW# WKDW# LQFRUSRUDWHV# QHZ# VFLHQWLILF $JUHHPHQW1# # #6HFRQG/# WKH\#FDOOHG# IRU#D# IUHH]H#RQ
LQIRUPDWLRQ#RQ#VWUDWRVSKHULF#R]RQH#GHSOHWLRQ1 ##)RU SURGXFWLRQ#RI#PHWK\O#EURPLGH#E\#VWLSXODWLQJ# WKDW6

H[DPSOH/#GDWD#IURP#WKH#1DWLRQDO#$HURQDXWLFV#DQG WKH#FKHPLFDO#VKRXOG#QRW#H[FHHG#4<<4#OHYHOV#VWDUWLQJ
6SDFH#$GPLQLVWUDWLRQ#+1$6$,#LQGLFDWHG#WKDW#R]RQH LQ# 4<<81 # # 7KLUG/# WKHVH# FRXQWULHV# GHFLGHG# WR
GHSOHWLRQ# ZDV# SURJUHVVLQJ# PRUH# UDSLGO\# WKDQ DFFHOHUDWH#WKH#UHGXFWLRQ#VFKHGXOH#IRU#WKH#SURGXFWLRQ
H[SHFWHG1# # ,Q# DGGLWLRQ/# R]RQH# GHSOHWLRQ# ZDV DQG# FRQVXPSWLRQ# RI# K\GURFKORURIOXRURFDUERQV
H[WHQGLQJ#IXUWKHU#VRXWK# LQ#WKH#8QLWHG#6WDWHV#WKDQ ++&)&V,1# /DVWO\/# WKH\# KDVWHQHG# WKH# SKDVHRXW# RI
DQWLFLSDWHG#DQG#ODVWLQJ#ORQJHU#+ODWH#IDOO#WR#ODWH#0D\,1 KDORQV#E\#DJUHHLQJ#WR#4<<7#DV#WKH#SURGXFWLRQ#DQG7

,Q#UHVSRQVH#WR#QHZ#GDWD/#WKH#SDUWLHV#WR#WKH#0RQWUHDO FRQVXPSWLRQ#SKDVHRXW#GHDGOLQH1 ##
3URWRFRO#DJUHHG#WR#VHYHUDO#FKDQJHV#LQ#WKH#UHGXFWLRQ
DQG# SKDVHRXW# VFKHGXOHV# RI# R]RQH0GHSOHWLQJ
FKHPLFDOV1# #)LUVW/# WKH\#DJUHHG# WR#D# 4<<<#SKDVHRXW

8

9

# 8161# (QYLURQPHQWDO# 3URWHFWLRQ# $JHQF\/ 4<<<16

KWWS=22ZZZ1HSD1JRY2WWQ2RDUSJ2W92IDFWBVKHHWV2991W[W/#0DUFK
58/#4<<;1

#,ELG/#(606#DQG#(6071 58/#4<<;17

# 8161# (QYLURQPHQWDO# 3URWHFWLRQ# $JHQF\/8

KWWS=22ZZZ1HSD1JRY2VSGSXEOF2PEU2KDUPRQL]1KWPO/#0DUFK#59/

# 8161# (QYLURQPHQWDO# 3URWHFWLRQ# $JHQF\/9

KWWS=22ZZZ1HSD1JRY2WWQ2RDUSJ2W92IDFWBVKHHWV2991W[W/#0DUFK
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8QGHU#WKH#&OHDQ#$LU#$FW#$PHQGPHQWV*#VHFWLRQ RI#PHWK\O#EURPLGH1##,Q#4<<;#&RQJUHVV#GLUHFWHG#WKH
939/#WKH#(3$#DOVR#UHVSRQGHG#WR#WKH#QHZ#VFLHQWLILF (3$# WR#PDWFK# WKH# 4<<:#0RQWUHDO#$PHQGPHQW*V
GDWD# E\# SHULRGLFDOO\# DFFHOHUDWLQJ# WKH# UHGXFWLRQ UHGXFWLRQ#DQG#SKDVHRXW#VFKHGXOH#IRU#WKLV#FKHPLFDO1
VFKHGXOHV# IRU# 0&)/# &)&V/# KDORQV/# FDUERQ ,Q#4<<;/#&RQJUHVV#DPHQGHG#WKH#&OHDQ#$LU#$FW#WR
WHWUDFKORULGH/#DQG#+&)V#DQG#E\#HVWDEOLVKLQJ#HDUOLHU HVWDEOLVK#D#QHZ#PHWK\O#EURPLGH#UHGXFWLRQ#VFKHGXOH/
SKDVHRXW#GHDGOLQHV1##,Q#DGGLWLRQ/#WKH#(3$#WDUJHWHG ZKLFK# HVWDEOLVKHV# 5338# DV# WKH#SKDVHRXW#GHDGOLQH/
+%)&V# DQG# PHWK\O# EURPLGH/# FKHPLFDOV# QRW DQG#KHOSV#WR#DGGUHVV#WKH#QHHGV#RI#$PHULFDQ#IDUPHUV
H[SOLFLWO\# DGGUHVVHG# E\# WKH# 4<<3# &OHDQ# $LU# $FW ZKR# DUH# FXUUHQWO\# ZDLWLQJ# IRU# PHWK\O# EURPLGH
$PHQGPHQWV1## DOWHUQDWLYHV# WKDW# DUH# LQ# WKH# UHVHDUFK# DQG

7KH# PRVW# UHFHQW# FKDQJHV# HVWDEOLVKHG# XQGHU VLJQLILFDQW#VHFWLRQV#RI#WKH#QHZ#DQG#ROG#SKDVHRXW#VFKHGXOHV1
VHFWLRQ#939#LQYROYH#PHWK\O#EURPLGH1##,Q#4<<6#WKH
(3$#FDOOHG#IRU#D#IUHH]H#RQ#SURGXFWLRQ#DW#4<<4#OHYHOV
VWDUWLQJ#LQ#4<<7#DQG#HVWDEOLVKHG#D#SKDVHRXW#GHDGOLQH
RI# 53341# # ,Q# 4<<8# DQG# 4<<:# WKH# SDUWLHV# WR# WKH
0RQWUHDO# 3URWRFRO#PHW# LQ#9LHQQD# DQG#0RQWUHDO/
UHVSHFWLYHO\/##WR##DGGUHVV#LVVXHV#VXFK#DV#WKH#SKDVHRXW

GHYHORSPHQW#VWDJH1 ##7DEOH#*05#SUHVHQWV#WKH#PRVW:

# 8161# (QYLURQPHQWDO# 3URWHFWLRQ# $JHQF\/:

KWWS =22ZZZ 1HSD 1JRY2VSGSXEOF2PEU2KDUPRQL]1KWPO/
1RYHPEHU#</#4<<<1
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Table G-2
Phaseout Scenario in Clean Air Act Section 604 and 
Phaseout Scenario in Amendments Added under Clean Air Act Section 606

Year Section 604 (Original Schedule) Section 606 (Revisions to Original Schedule)

1991 & Methyl chloroform (MCF) production decreases to 1989 levels
 

1993 & MCF production decreases 10% from 1989 levels

1994 & MCF production decreases 15% from 1989 levels             � & MCF production decreases from 1989 levels by 50%  

1995 & MCF production decreases 30% from 1989 levels             � & MCF production decreases from 1989 levels by 70% 

1996 & MCF production decreases 50% from 1989 levels             � & 100% phaseout of MCF 

2000 & MCF production decreases 80% from 1989 levels

2002 & 100% phaseout of MCF 

1989 & Chlorofluorocarbon (CFC) production decreases to 1986 levels 

1991 & CFC production decreases 15% from 1986 levels

1992 & CFC production decreases 20% from 1986 levels

1993 & CFC production decreases 25% from 1986 levels

1994 & CFC production decreases 35% from 1986 levels              � & CFC production decreases to 75% from 1986 levels 

1995 & CFC production decreases 50% from 1986 levels              � & CFC production decreases to 75% from 1986 levels

1996 & CFC production decreases 60% from 1986 levels              � & 100% phaseout of CFC production 

1997 & CFC production decreases 85% from 1986 levels

2000 & 100% phaseout of CFC production                   
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Year Section 604 (Original Schedule) Section 606 (Revisions to Original Schedule)

1991 & Halon production decreases 15% from 1986 levels

1992 & Halon production decreases 20% from 1986 levels

1993 & Halon production decreases 25% from 1986 levels

1994 & Halon production decreases 35% from 1986 levels                    � & 100% phaseout of halons

1995 & Halon production decreases 50% from 1986 levels

1996 & Halon production decreases 60% from 1986 levels

1997 & Halon production decreases 85% from 1986 levels

2000 & 100% phaseout of halon production

1991 & Carbon tetrachloride production decreases to 1989 levels

1992 & Carbon tetrachloride production decreases 10% from 1989 levels

1993 & Carbon tetrachloride production decreases 20% from 1989 levels

1994 & Carbon tetrachloride production decreases 30% from 1989 levels   � & Carbon tetrachloride production decreases 50% from 1989 levels

1995 & Carbon tetrachloride production decreases 85% from 1989 levels  � & Carbon tetrachloride production decreases 85% from 1989 levels

1996                                                                                                            � & Carbon tetrachloride production decreases 100% phaseout of carbon

2000 & 100% phaseout of carbon tetrachloride
tetrachloride 
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Year Section 604 (Original Schedule) Section 606 (Revisions to Original Schedule)

1994 & Freeze on production and consumption of methyl bromide at 1991 levels

1999 & 25% phaseout of methyl bromide 

2001 & 50% phaseout of methyl bromide 

2003 & 75% phaseout of methyl bromide 

2005 & 100% phaseout of methyl bromide 

(quarantine and preshipment uses exempt; critical agriculture uses allocated after 2005)

1996 & 100% phaseout of hydrobromofluorocarbons (HBFCs)

2003                                                                  � & Production and consumption of  HCFC-141b banned

& Production and consumption of HCFC-142b and HCFC-22 decreases to 1989 levels

& Production and consumption of HCFC-142b and HCFC-22 permissible only for servicing
equipment manufactured prior to 2010

& Production and consumption of the remaining HCFCs decreases to 1989 levels 

& 100% phasout of HCFC-142b and HCFC-22

& 100% phaseout of the final category of HCFCs

2010                                                               �

                                                                 (2010-
2020)

�

2015 & Freeze on HCFC production                 �

2020                                                   �

2030 & Prohibition of HCFC production after        �
January 1, 2030
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Cost and Benefit Approaches

7R#HVWLPDWH#WKH#FRVWV#DQG#EHQHILWV#RI#7LWOH#9,/
ZH# UHO\#SULPDULO\#RQ#SDVW#(3$# UHJXODWRU\# LPSDFW
DVVHVVPHQWV#+5,$V,/#LQFOXGLQJ#WKH#IROORZLQJ=

ü $GGHQGXP# WR# WKH# 4<<5# 3KDVHRXW# 5HJXODWRU\
,PSDFW#$QDO\VLV=#$FFHOHUDWLQJ# WKH# 3KDVHRXW# RI
&)&V/# +DORQV/# 0HWK\O# &KORURIRUP/# &DUERQ
7HWUDFKORULGH/#DQG#+&)&V#+4<<6,>#

ü 5HJXODWRU\# ,PSDFW# $QDO\VLV=# &RPSOLDQFH# ZLWK
6HFWLRQ#937#RI#WKH#&OHDQ#$LU#$FW#IRU#WKH#3KDVHRXW
RI#2]RQH#'HSOHWLQJ#&KHPLFDOV#+4<<5,>#

ü 5HJXODWRU\# ,PSDFW# $QDO\VLV=# 7KH# 1DWLRQDO
5HF\FOLQJ# DQG# (PLVVLRQ# 5HGXFWLRQ# 3URJUDP
+6HFWLRQ# 93;# RI# WKH#&OHDQ#$LU#$PHQGPHQWV# RI
4<<3,#+4<<6,>#

ü 6HFWLRQ# 93<# RI# WKH# 4<<3# &OHDQ# $LU# $FW=
5HIULJHUDQW#5HF\FOLQJ#IRU#0RELOH#$LU#&RQGLWLRQHUV=
&RVW0%HQHILW#$QDO\VLV#DQG#5HJXODWRU\#)OH[LELOLW\
$QDO\VLV#+4<<4,>#

#
ü 'UDIW=#5HJXODWRU\#,PSDFW#$QDO\VLV#RI#WKH#3URSRVHG

5XOH#5HTXLULQJ#/DEHOLQJ#RI#3URGXFWV#&RQWDLQLQJ
RU#0DQXIDFWXUHG#ZLWK#2]RQH#'HSOHWLQJ#6XEVWDQFHV
+4<<4,1

7KH#PDMRU#GLIIHUHQFH#EHWZHHQ#WKLV#DQDO\VLV#DQG#WKH
5,$#DQDO\VHV#LQYROYHV#WKH#SDUDPHWHUV#XVHG#WR#YDOXH
WKH#FRVWV#DQG#EHQHILWV1##7R#HQVXUH#FRQVLVWHQF\#ZLWK
WKH# ODUJHU# 6HFWLRQ# ;45# DQDO\VLV/# ZH# DGMXVW# WKH
GLVFRXQW#UDWH#LQ#WKH#FRVWV#FDOFXODWLRQV/#DQG#ZH#DGMXVW
WKH#YDOXH#RI#VWDWLVWLFDO#OLIH/#*'3#SHU#FDSLWD#JURZWK
UDWHV/# DQG# WKH# GLVFRXQW# UDWH# LQ# WKH# EHQHILWV
FDOFXODWLRQV1#

 

Cost Approach in RIAs

([LVWLQJ#UHJXODWRU\#LPSDFW#DVVHVVPHQWV#+5,$V,
IRU# LQGLYLGXDO#SURYLVLRQV#RI#7LWOH#9,#SURYLGH# WKH
EDVLV# IRU# WKH# VRFLDO# FRVWV# RI# SKDVLQJ# RXW# &)&V/

KDORQV/#PHWK\O# FKORURIRUP/# DQG#+&)&V1 # #7KHVH;

VRFLDO# FRVWV# DUH# WKH# # DGGLWLRQDO# TXDQWLWLHV# RI
UHVRXUFHV#QHFHVVDU\#WR#SURGXFH#HTXLYDOHQW#TXDQWLWLHV
RI#JRRGV#DQG#VHUYLFHV#IRU#FRQVXPHUV1#7R#JHQHUDWH
VRFLDO#FRVW#HVWLPDWHV/#WKH#5,$V#FDOFXODWH#WKH#FRVWV#RI
UHSODFLQJ#R]RQH0GHSOHWLQJ#FKHPLFDOV# +2'6V,#ZLWK
DOWHUQDWLYH#WHFKQRORJLHV#DQG#PDWHULDOV/#DV#ZHOO#DV#WKH
FRVWV#RI#UHF\FOLQJ#DQG#VWRULQJ##XQXVHG#2'6V1#7KH
HVWLPDWHV#DOVR#LQFOXGH#FRVWV#RI#WUDLQLQJ/#ODEHOLQJ/#DQG
DGPLQLVWUDWLRQ1##7KH#WRWDO#FRVW#HVWLPDWH#RI#7LWOH#9,
FRPSULVHV#WKH#FRVWV#RI#VHFWLRQV#937#DQG#939#DQG#WKH
LQFUHPHQWDO#FRVWV#RI#WKH#UHPDLQLQJ#VHFWLRQV#+L1H1/#WKH
FRVW#HVWLPDWHV#IRU#VHFWLRQV#93;/#93</#DQG#944#GR#QRW
LQFOXGH# WKH# FRVWV# RI# DFWLRQV# DOUHDG\# UHTXLUHG# E\
VHFWLRQV# 937# DQG# 939,1# #7DEOH#*06# LQGLFDWHV# WKH
PDMRU# FRVWV# DVVRFLDWHG# ZLWK# HDFK# VHFWLRQ1# :H
SUHVHQW#VXPPDULHV#RI#WKH#FRVW#PHWKRGRORJLHV#LQ#WKLV
DSSHQGL[># IRU#PRUH# GHWDLOV/# VHH# WKH#5,$V# RI# WKH
LQGLYLGXDO#SURYLVLRQV#RI#7LWOH#9,1

#2QO\#D#VPDOO#SHUFHQWDJH#RI#FDUERQ#WHWUDFKORULGH#+OHVV#WKDQ;

WKUHH#SHUFHQW#RI#WKH#WRWDO#SURGXFHG#LQ#WKH#8161,#LV#VXEMHFW#WR#WKH
&$$$/#DQG#WKH#FRVWV#RI#SKDVLQJ#RXW#FDUERQ#WHWUDFKORULGH#DUH
OLNHO\#LQVLJQLILFDQW#FRPSDUHG#WR#WKH#FRVWV#RI#SKDVLQJ#RXW#&)&V/
KDORQV/#DQG#0&)V1##&RQVHTXHQWO\/#WKH#5,$V#GR#QRW#TXDQWLI\#WKH
FRVWV# RI# SKDVLQJ# RXW# FDUERQ# WHWUDFKORULGH1# ,Q# DGGLWLRQ/# WKLV
DQDO\VLV#GRHV#QRW#DVVHVV#WKH#FRVW#RI#PHWK\O#EURPLGH#EHFDXVH#3DUW
5=#7KH#&RVW#DQG#&RVW0(IIHFWLYHQHVV#RI#WKH#3URSRVHG#3KDVHRXW#RI#0HWK\O
%URPLGH#GRHV#QRW#SURYLGH#WKH#FRUUHVSRQGLQJ#EHQHILWV1#
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Table G-3
Scope of Title VI Cost Estimates

Section Costs

604 & 606 &&&& Capital investment and variable costs associated with switching to alternative technologies
and non-ozone-depleting substances;

& Possible elimination of products containing ozone-depleting substances (ODSs) if firms are
unable to develop cost-effective manufacturing alternatives;

&&&& Costs of recycling ODSs;
& Additional costs of switching from methyl bromide to other substances (e.g. purchases of

more costly substitutes, incremental labor needs, and crop and throughput issues).

608 &&&& Purchase of ODS recovery equipment;
& Training and certification of technicians;
& Filtration of refrigerants to remove impurities;
& Leak repair requirements;
& Storage of unused chlorofluorocarbons (CFCs);
& Paperwork.

609 &&&& Training and certification of mobile air conditioner (MAC) service technicians;
& Recycling costs, including fees for off-site recycling or labor and capital costs for on-site

recycling.

611 &&&& Development and application of new labels;
& Administrative activities associated with compliance;
& Possible accelerated substitution of less harmful substances relative to the mandates of the

rule codifying the phaseout of ODSs (thereby resulting in additional costs beyond those
resulting from the phaseout rule).

Costs: Sections 604 and 606

7R# JHQHUDWH# WKH# FRVWV# RI# VHFWLRQ# 937/# WKH
$GGHQGXP# WR# WKH# 4<<5# 3KDVHRXW# 5HJXODWRU\# ,PSDFW
$QDO\VLV=#$FFHOHUDWLQJ# WKH# 3KDVHRXW# RI# &)&V/#+DORQV/
0HWK\O#&KORURIRUP/#&DUERQ#7HWUDFKORULGH/# DQG#+&)&V
+4<<6,#DQG##WKH##5HJXODWRU\#,PSDFW#$QDO\VLV=#&RPSOLDQFH
ZLWK#6HFWLRQ#937#RI#WKH#&OHDQ#$LU#$FW#IRU#WKH#3KDVHRXW#RI
2]RQH# 'HSOHWLQJ# &KHPLFDOV# +4<<5,# XVH# HQJLQHHULQJ
DQDO\VHV#WKDW#LQYROYH#VHYHUDO#VWHSV1##)LUVW/#WKH#5,$V
LGHQWLI\#SRWHQWLDO#WHFKQLFDO#UHVSRQVHV#WR#VHFWLRQ#937
IURP#4<<3#WR#53:81#)RU#H[DPSOH/#WKH\#H[DPLQH#GDWD
RQ#WKH#&)&#UHGXFWLRQ#WHFKQRORJLHV#DYDLODEOH#WR#HDFK
&)&0XVLQJ# LQGXVWU\# +L1H1/#PRELOH# DLU# FRQGLWLRQHUV/
KRXVHKROG# UHIULJHUDWLRQ/# IRDP# EORZLQJ/# VROYHQW
FOHDQLQJ/# VWHULOL]DWLRQ/# ULJLG# SRO\XUHWKDQH# IRDPV/
FKLOOHUV/#DQG#SURFHVV045#UHILQHULHV,1 ##)RU#KDORQ#WKH<

5,$V# DQDO\]H# :7# FDWHJRULHV# RI# ILUH# H[WLQJXLVKLQJ
DSSOLFDWLRQV/#WKH#SULPDU\#XVHUV#RI#WKH#VXEVWDQFH143
:LWK#WKHVH#GDWD/#WKH#5,$V# LGHQWLI\#WKUHH#SRWHQWLDO
WHFKQLFDO#UHVSRQVHV=#XVH#RI#FKHPLFDO#VXEVWLWXWHV#IRU
&)&#DQG#KDORQ#XVH#LQ#QHZ#DQG#H[LVWLQJ#HTXLSPHQW/
LPSOHPHQWDWLRQ#RI#HQJLQHHULQJ#FRQWUROV#WKDW#UHGXFH
XVH#RI#2'6V#WKURXJK#UHF\FOLQJ/#DQG#XVH#RI#SURGXFW
VXEVWLWXWHV#IRU#2'60FRQWDLQLQJ#SURGXFWV1##

6HFRQG/# WKH# 5,$V# DVVHVV# WKH# FRVWV# RI# WKH
UHVSRQVHV1#)RU#KDORQV#DQG#&)&V#WKH#5,$V#H[DPLQH
WKH# GDWH# DW#ZKLFK# DQ# DFWLRQ# LV# ILUVW# DYDLODEOH# IRU
DGRSWLRQ/#WKH#WLPH#QHFHVVDU\#IRU#WKH#HQWLUH#LQGXVWU\
WR# HYDOXDWH# WKH# DFWLRQ/# DQG# WKH# WLPH# UHTXLUHG# IRU

# # ,&)/# ,QFRUSRUDWHG/# $GGHQGXP# WR# WKH# 4<<5# 3KDVHRXW ZLWK# 6HFWLRQ# 937# RI# WKH#&OHDQ#$LU#$FW# IRU# WKH# 3KDVHRXW# RI#2]RQH<

5HJXODWRU\#,PSDFW#$QDO\VLV=#$FFHOHUDWLQJ#WKH#3KDVHRXW#RI#&)&V/#+DORQV/ 'HSOHWLQJ#&KHPLFDOV/#3UHSDUHG#IRU#*OREDO#&KDQJH#'LYLVLRQ/##2IILFH
0HWK\O#&KORURIRUP/#&DUERQ#7HWUDFKORULGH/#DQG#+&)&V/##3UHSDUHG#IRU RI#$LU#DQG#5DGLDWLRQ/##8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\/
WKH# 6WUDWRVSKHULF# 3URWHFWLRQ# 'LYLVLRQ/# 2IILFH# RI# $LU# DQG -XO\#4/#4<<5>#SDJH#70:1

5DGLDWLRQ/#8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\/#6HSWHPEHU
43/#4<<6/#SDJH#91

#,&)/#,QFRUSRUDWHG/#5HJXODWRU\#,PSDFW#$QDO\VLV=#&RPSOLDQFH43
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ILUPV#WR#DGRSW#WKH#DFWLRQ#LI#LW#LV#FRVW0HIIHFWLYH1#7KH\ ü &DSLWDO#FRVWV>
DOVR#VWXG\#UHGXFWLRQ#SRWHQWLDO#+GHFUHDVH#LQ#2'6#XVH
IRU#DOO#ILUPV#WKDW#KDYH#GHFLGHG#WR#WDNH#WKH#DFWLRQ, ü 2QH0WLPH# IL[HG# FRVWV# +H1J1/# UHVHDUFK# DQG
DQG#DSSOLFDELOLW\#WR#QHZ#DQG2RU#H[LVWLQJ#HTXLSPHQW1 GHYHORSPHQW#RU#WUDLQLQJ,>#DQG#
7KLV#&)&#DQG#KDORQ#FRVW#DSSURDFK#LV#VLPLODU#WR#WKH
DSSURDFK# XVHG# LQ# WKH# 8161# (QYLURQPHQWDO ü &KDQJHV#LQ#HQHUJ\#HIILFLHQF\1
3URWHFWLRQ# $JHQF\*V# 5HJXODWRU\# ,PSDFW# $QDO\VLV=
3URWHFWLRQ# RI# 6WUDWRVSKHULF# 2]RQH# +4<;;,># WKH# PDLQ )RU#WKH#ODVW#VWHS#RI#WKH#FRVW#DQDO\VHV/#WKH#PRGHO
GLIIHUHQFH#LV#WKH#H[SDQVLRQ#RI#WKH#PHWKRGV#XVHG#WR VHOHFWV#WHFKQRORJLHV#WKDW#PLQLPL]H##SURGXFWLRQ#FRVW
PRGHO#WKH# OLIHWLPHV#RI#HTXLSPHQW#XVLQJ#&)&#DQG LQFUHDVHV# DQG# DFKLHYH# WKH# QHFHVVDU\# 2'6
KDORQV1 ##%\#FRQWUDVW/#IRU#0&)V#WKH#5,$V#GR#QRW UHGXFWLRQV1# 7KH# ILQDO# VHW# RI# FRQWURO# SODQV#PXVW44

IRFXV# RQ# WKH# OLIHWLPH# RI# WKH# HTXLSPHQW# EHFDXVH VDWLVI\# WKH# IROORZLQJ# UHTXLUHPHQWV=# 4,# WKH# SODQV
ILUPV#FDQ#UHWURILW#0&)0FRQVXPLQJ#HQG#XVHV#ZLWK FRQWDLQ# FRPSRQHQWV# WKDW# LQGXVWU\# KDV# DOUHDG\
0&)# DOWHUQDWLYHV1 # #8VLQJ# WKH# UHOHYDQW# GDWD# IRU LPSOHPHQWHG#RU#LQWHQGV#WR#LPSOHPHQW#LQ#WKH#QHDU45

0&)V/#KDORQV/#DQG#&)&V/#WKH#5,$V#HVWLPDWH#IHDVLEOH IXWXUH># 5,# WKH\# MRLQWO\# HQVXUH# WKDW# WKH# DPRXQW#RI
VFKHGXOHV#IRU#LPSOHPHQWDWLRQ#RI#UHGXFWLRQ#PHDVXUHV &)&# SURGXFWLRQ# RYHU# WLPH# GRHV# QRW# H[FHHG# WKH
DQG#HVWLPDWH#WKH#IROORZLQJ#FRVWV=# PD[LPXP#VWLSXODWHG#E\#WKH#SKDVHRXW#VFKHGXOH>#DQG

ü 9DULDEOH#FRVWV#+H1J1/#PDWHULDOV/#HQHUJ\/#ODERU/ SKDVHRXW#GHDGOLQH#IURP#H[FHHGLQJ#IHDVLEOH#UHF\FOLQJ1
DQG#RSHUDWLQJ#H[SHQVHV,>

6,# WKH\# FROOHFWLYHO\# SUHYHQW# &)&# XVH# DIWHU# WKH

8QGHU# VHFWLRQ# 939# WKH#(3$# DFFHOHUDWHV# WKH
UHGXFWLRQ# DQG# SKDVHRXW# VFKHGXOHV# RI#2'6V># IRU
WKHVH#VXEVWDQFHV#WKH#FRVW#PHWKRGRORJ\#LV#WKH#VDPH
DV#WKH#VHFWLRQ#937#PHWKRGRORJ\#IRU#&)&V/#KDORQV/
PHWK\O#FKORURIRUP/#DQG#FDUERQ#WHWUDFKORULGH1##)RU
+&)&V#WKH#(3$#FDOFXODWHV#WKH#FRVWV#RI#SKDVHRXW#E\
PXOWLSO\LQJ#WKH#TXDQWLW\#RI#UHSODFHG#+&)&V#E\#WKH
GLIIHUHQFH#LQ#SULFH#EHWZHHQ#WKH#+&)&#FRPSRXQG
DQG# LWV# VXEVWLWXWH1#7KLV# DQDO\VLV# DVVXPHV# WKDW# WKH
UHSODFHPHQW#FRPSRXQGV#ZLOO#FRVW#EHWZHHQ#43#DQG
83#SHUFHQW#PRUH# WKDQ# WKH#+&)&V1#7RJHWKHU/# WKH
FRVWV#RI#VHFWLRQV#937#DQG#939#DUH#'881<#ELOOLRQ#+4<<3
GROODUV,#ZLWK#D#WZR#SHUFHQW#GLVFRXQW#UDWH>#WKHVH#FRVWV
FRPSULVH#QHDUO\#DOO#RI#WKH#FRVWV#RI#7LWOH#9,1

Costs: Sections 608

)RU#VHFWLRQ#93;/#WKH#5HJXODWRU\#,PSDFW#$QDO\VLV=
7KH#1DWLRQDO#5HF\FOLQJ#DQG#(PLVVLRQ#5HGXFWLRQ#3URJUDP
+6HFWLRQ# 93;# RI# WKH# &OHDQ#$LU#$PHQGPHQWV# RI# 4<<3,
+4<<6,#XVHV#WKH#VHFWLRQ#937#FRVW#PRGHO#WR#IRUHFDVW
WKH# WLPLQJ#RI#HPLVVLRQV#FRQWUROV/#UHVXOWLQJ#SULFHV/
DQG# UHF\FOLQJ# OHYHOV# IURP# 4<<7# WR# 53481# # ,Q
SDUWLFXODU/# WKH# PRGHO# DVVXPHV# WKDW# UHFRYHU\
HIILFLHQF\#LV#<8#SHUFHQW#DQG#SUHGLFWV#WKDW#DOO#XVHUV#RI
FKLOOHUV/# LQGXVWULDO# SURFHVVHV/# FROG# VWRUDJH/# UHWDLO
IRRG/#DQG#UHIULJHUDWHG#WUDQVSRUW#ZLOO#HLWKHU#UHFRYHU

#6SHFLILFDOO\/# WKH#FRVW#PRGHO# LPSURYHV#XSRQ# WKH# 4<;;44

PRGHO#LQ#WKH#IROORZLQJ#ZD\V=#WUDFNLQJ#WKH#VL]H/#DJH/#DQG#WXUQRYHU
RI# &)&0FRQVXPLQJ# HTXLSPHQW# RYHU# WLPH># VLPXODWLQJ# WKH
OLIHF\FOH#RI#WKH#HTXLSPHQW#LQ#WHUPV#RI#PDQXIDFWXULQJ/#RSHUDWLRQ/
VHUYLFLQJ/# DQG#GLVSRVDO>#HVWLPDWLQJ#&)&#XVH/#&)&#HPLVVLRQV/
HQHUJ\#XVH/#DQG#FRVWV#IRU#HDFK#SRLQW#LQ#WKH#OLIHF\FOH>#FDOFXODWLQJ
&)&V# SRWHQWLDOO\# DYDLODEOH# WKURXJK# UHF\FOLQJ# IURP# ROGHU
HTXLSPHQW># DQG# VLPXODWLQJ# WKH# LPSDFW# RI# &)&# UHGXFWLRQ
PHDVXUHV#E\#DVVHVVLQJ#WKH#GHJUHH#RI#HPLVVLRQV#UHGXFWLRQV/#WRWDO
FRVWV/# DQG# WRWDO# FKDQJHV# LQ# HQHUJ\# XVH# DVVRFLDWHG# ZLWK
LPSOHPHQWLQJ#JURXSV#RI#FRQWUROV#RYHU#WLPH#IRU#HDFK#HQG#XVH1
+,&)#,QFRUSRUDWHG/##5HJXODWRU\#,PSDFW#$QDO\VLV=##&RPSOLDQFH#ZLWK
6HFWLRQ#937#RI#WKH#&OHDQ#$LU#$FW#IRU#WKH#3KDVHRXW#RI#2]RQH0'HSOHWLQJ
&KHPLFDOV/#3UHSDUHG#IRU#WKH#*OREDO#&KDQJH#'LYLVLRQ/#2IILFH#RI
$LU# DQG# 5DGLDWLRQ/# 8161# (QYLURQPHQWDO# 3URWHFWLRQ# $JHQF\/
4<<5/#SDJHV#705/#70;/#70</#DQG#70491,

#7KH#(3$*V#&RVWV#DQG#%HQHILWV#RI#3KDVLQJ#2XW#3URGXFWLRQ#RI45

&)&V# DQG#+DORQV# LQ# WKH# 8QLWHG# 6WDWHV# +4<;<,# DQG# WKH# (3$*V
5HJXODWRU\#,PSDFW#$QDO\VLV=#3URWHFWLRQ#RI#6WUDWRVSKHULF#2]RQH#+4<;;,
SURYLGH# WKH# EDVLV# RI# WKH# FRVW# PHWKRGRORJ\# IRU# WKH# 0&)
SKDVHRXW1#1RWH#WKDW#WKH#0&)#PRGHO#FDOFXODWHV#HQHUJ\#FRVWV#DV
D#SDUW#RI#RSHUDWLQJ#FRVWV/#UDWKHU#WKDQ#DV#D#VHSDUDWH#FRPSRQHQW/
EHFDXVH# 0&)# HQG# XVHV# DUH# QRW# HQHUJ\# LQWHQVLYH1# # +,&)
,QFRUSRUDWHG/##5HJXODWRU\#,PSDFW#$QDO\VLV=##&RPSOLDQFH#ZLWK#6HFWLRQ
937#RI#WKH#&OHDQ#$LU#$FW#IRU#WKH#3KDVHRXW#RI#2]RQH0'HSOHWLQJ#&KHPLFDOV/
3UHSDUHG# IRU# WKH#*OREDO#&KDQJH#'LYLVLRQ/#2IILFH#RI#$LU#DQG
5DGLDWLRQ/#8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\/#4<<5/#SDJHV
(60;/#705:1,
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RU#UHF\FOH#&)&V# #DW#VHUYLFH#DQG#GLVSRVDO#DQG#WKDW DQG#FDUERQ#WHWUDFKORULGH,1 ##7KH#5,$#WKHQ#DVVHVVHV
DIWHU#WKH#SKDVHRXW#DOO#KRXVHKROG#DSSOLDQFH#XVHUV#ZLOO WKUHH# DVVRFLDWHG# FRVWV=# FRVWV# RI# # LPSOHPHQWLQJ
UHFRYHU#&)&V# DW#GLVSRVDO1 # #:LWK# D# WZR#SHUFHQW VXEVWLWXWHV# +IRU#0&)0FRQWDLQLQJ# SURGXFWV,#PRUH46

GLVFRXQW#UDWH#WKH#FRVW#HVWLPDWH#LV#'415#ELOOLRQ#+4<<3 UDSLGO\#WKDQ#SUHGLFWHG#XQGHU#WKH#SKDVHRXW#VFKHGXOH/
GROODUV,1 DGPLQLVWUDWLYH#DFWLYLW\#FRVWV/#DQG#FRVWV#RI#ODEHOLQJ1

Costs: Section 609

6HFWLRQ#937#SURPSWV#VHUYLFH#HVWDEOLVKPHQWV#WR
UHF\FOH#&)&045#LQ#PRELOH#DLU#FRQGLWLRQHUV#+0$&V,1
7KHUHIRUH/#WKH#VHFWLRQ#937#FRVW#HVWLPDWH#DFFRXQWV
IRU#PRVW#FRVWV#DVVRFLDWHG#ZLWK#WKH#UHF\FOLQJ#RI#&)&0
45#IURP#0$&V1##7KH#FRVWV#RI#VHFWLRQ#93<#WKDW#DUH
QRW#LQFOXGHG#LQ#WKH#VHFWLRQ#937#FRVW#HVWLPDWH#DUH#WKH
FRVWV# RI# WUDLQLQJ# DQG# FHUWLI\LQJ# 0$&# VHUYLFH
WHFKQLFLDQV1# 7KH# DQDO\VLV# RI# WKH# VRFLDO# FRVWV# RI
6HFWLRQ#93<#H[DPLQHV#WKHVH#FRVWV#IURP#4<<5#WR#533;
XQGHU# WZR# VFHQDULRV=# D# ORZHU# ERXQG# VFHQDULR# LQ
ZKLFK#VPDOO#DQG# ODUJH#VKRSV#UHFRYHU#&)&045#DQG
SD\#DQ#RII0VLWH#UHF\FOHU#WR#SXULI\#DQG#UHWXUQ#WKH#XVHG
UHIULJHUDQW#DQG#DQ#XSSHU#ERXQG#VFHQDULR#LQ#ZKLFK#DOO
VKRSV#UHF\FOH#&)&045#RQ0VLWH1 # #7KH#FHQWUDO#FRVW47

HVWLPDWH#IRU#VHFWLRQ#93<#ZLWK#D#WZR#SHUFHQW#GLVFRXQW
UDWH#LV#'4716#PLOOLRQ#+4<<3#GROODUV,1

Costs: Section  611

)RU# VHFWLRQ# 944/# WKH#'UDIW=# 5HJXODWRU\# ,PSDFW
$QDO\VLV# RI# WKH# 3URSRVHG# 5XOH# 5HTXLULQJ# /DEHOLQJ# RI
3URGXFWV#&RQWDLQLQJ#RU#0DQXIDFWXUHG#ZLWK#2]RQH#'HSOHWLQJ
6XEVWDQFHV# +4<<4,# HYDOXDWHV# WZR# UHVSRQVH#RSWLRQV=
FRPSDQLHV# ODEHO# DOO# SURGXFWV# RU# WKH\
UHIRUPXODWH2UHGHVLJQ#WKH#SURGXFWV#WR#HOLPLQDWH#WKH
XVH# RI# &ODVV# ,# R]RQH0GHSOHWLQJ# VXEVWDQFHV# +IXOO\
KDORJHQDWHG#&)&V/#WKUHH#KDORQV/#PHWK\O#FKORURIRUP/

48

49

)URP# 4<<7# WR# 5333# WKH# FRVWV#RI# VHFWLRQ# 944# DUH
'585#PLOOLRQ#ZLWK#D#WZR#SHUFHQW#GLVFRXQW#UDWH1

Benefits Approach in RIAs

7KH# 5,$V*# 7LWOH# 9,# # EHQHILWV# DQDO\VHV
QHFHVVDULO\# GLIIHU# IURP# WKH# EHQHILWV# DQDO\VHV# IRU
RWKHU#SDUWV#RI#RXU#&$$$0DQDO\VLV#EHFDXVH/#XQOLNH
PRVW# RI# WKH# HIIHFWV#RI# FULWHULD# DLU#SROOXWDQWV/# WKH
HIIHFWV#RI#7LWOH#9,#DUH#JOREDO#LQ#VFDOH#DQG#RFFXU#RYHU
VHYHUDO#KXQGUHG#\HDUV1#7KH#GHOD\#LQ#HIIHFWV#RFFXUV
IRU#VHYHUDO#UHDVRQV1##)LUVW/#HPLVVLRQV#RIWHQ#HPDQDWH
IURP# SURGXFWV# WKDW# OHDN# WKH# R]RQH0GHSOHWLQJ
FKHPLFDOV#RYHU#D#VLJQLILFDQW#SHULRG#RI#WLPH1##6HFRQG/
R]RQH0GHSOHWLQJ#FKHPLFDOV#ULVH#LQWR#WKH#VWUDWRVSKHUH
DQG#DIIHFW# WKH#R]RQH# OD\HU#DW#D#VORZ# UDWH1# #7KLUG/
R]RQH0GHSOHWLQJ# VXEVWDQFHV# FDQ# SHUVLVW# LQ# WKH
VWUDWRVSKHUH# IRU# PDQ\# \HDUV1# # )RXUWK/# QDWXUDO
SURFHVVHV#WKDW#UHSODFH#VWUDWRVSKHULF#R]RQH#DUH#VORZ1
7R# UHIOHFW# WKH# ORQJ# WLPH# SHULRG# GXULQJ# ZKLFK
VWUDWRVSKHULF#R]RQH#GHSOHWLRQ#RFFXUV/#WKLV#DQDO\VLV
DVVXPHV#WKDW#WKH#EHQHILWV#DFFUXH#IURP#4<<3#WR#54981

)LJXUH#*04# LV#D# VLPSOLILHG# LOOXVWUDWLRQ#RI# WKH
UHODWLRQVKLSV#EHWZHHQ#WKH#VHWV#RI#GDWD#XVHG# LQ#WKH
H[LVWLQJ#EHQHILWV#DQDO\VHV1##)LUVW/#WKH#(3$#HVWLPDWHV
FKDQJH# LQ# R]RQH0GHSOHWLQJ# VXEVWDQFH# HPLVVLRQV1
:LWK# WKHVH#GDWD# WKH#(3$#FDOFXODWHV# WKH#H[WHQW#RI
VWUDWRVSKHULF#R]RQH#GHSOHWLRQ#DQG#JOREDO#ZDUPLQJ1
7KHQ#WKH#(3$#FDOFXODWHV#WKH#HIIHFWV#RI#VWUDWRVSKHULF
R]RQH# RQ#890E# UDGLDWLRQ/#ZKLFK# LQ# WXUQ# DIIHFWV

#,&)/#,QFRUSRUDWHG/#5HJXODWRU\#,PSDFW#$QDO\VLV=#7KH#1DWLRQDO46

5HF\FOLQJ#DQG#(PLVVLRQ#5HGXFWLRQ#3URJUDP#+6HFWLRQ#93;#RI#WKH#&OHDQ#$LU
$PHQGPHQWV#RI#4<<3,/#3UHSDUHG#IRU#WKH#6WUDWRVSKHULF#3URWHFWLRQ #7KH#FRVWV#DQDO\VLV#GRHV#QRW#DFFRXQW#IRU#WKH#DFFHOHUDWHG
'LYLVLRQ/#8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\/#0DUFK# 58/ UHGXFWLRQ# DQG# SKDVHRXW# VFKHGXOH# RI# VHFWLRQ# 9391# ,&)/
4<<6/#SDJH#7051 ,QFRUSRUDWHG/#'UDIW=#5HJXODWRU\#,PSDFW#$QDO\VLV#RI#WKH#3URSRVHG#5XOH

#,&)/#,QFRUSRUDWHG/#6HFWLRQ#93<#RI#WKH#4<<3#&OHDQ#$LU#$FW=47

5HIULJHUDQW#5HF\FOLQJ#IRU#0RELOH#$LU#&RQGLWLRQHUV=#&RVW0%HQHILW#$QDO\VLV
DQG#5HJXODWRU\#)OH[LELOLW\#$QDO\VLV/#3UHSDUHG#IRU#WKH#'LYLVLRQ#RI
*OREDO#&KDQJH/#8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\/#0D\#57/
4<<4/#SDJHV#7#DQG#;1 #,ELG/#SDJH#6:1

48

5HTXLULQJ#/DEHOLQJ#RI#3URGXFWV#&RQWDLQLQJ#RU#0DQXIDFWXUHG#ZLWK#2]RQH
'HSOHWLQJ#6XEVWDQFHV/#3UHSDUHG#IRU#*OREDO#&KDQJH#'LYLVLRQ/#2IILFH
RI#$LU#DQG#5DGLDWLRQ/#8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\/
1RYHPEHU#4<<4/#SDJHV#4/#7/#DQG##91

49
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HVWLPDWHV# RI# WURSRVSKHULF# R]RQH1 # #8VLQJ#890E RI#WKH#&OHDQ#$LU#$FW#IRU#WKH#3KDVHRXW#RI#2]RQH0'HSOHWLQJ4:

UDGLDWLRQ/#WURSRVSKHULF#R]RQH/#DQG#JOREDO#ZDUPLQJ &KHPLFDOV#+4<<5,1#7KH#PDLQ#GLIIHUHQFH#LQ#WKH#EDVHOLQH
GDWD#DV#LQSXWV/#WKH#(3$#HVWLPDWHV#KXPDQ#KHDOWK#DQG VFHQDULR/# ZKLFK# DVVXPHV# QR# 7LWOH# 9,# FRQWUROV/
HQYLURQPHQWDO#HIIHFWV1 ##/DVWO\/#WKH#(3$#PRQHWL]HV LQYROYHV# PHWK\O# EURPLGH1# # ,Q# WKLV# DQDO\VLV# ZH4;

WKH#EHQHILWV#RI#LPSURYHG#KXPDQ#DQG#HQYLURQPHQWDO DVVXPH# WKH# IROORZLQJ# DV# D# EDVHOLQH=# 4,# LQ# 4<<3
KHDOWK# ZKHUH# SRVVLEOH1 # # ,Q# WKLV# DQDO\VLV/# RXU IDFLOLWLHV#ZRUOGZLGH#SURGXFH#96#PLOOLRQ#NLORJUDPV#RI4<

DVVHVVPHQW#RI#EHQHILWV#LV#VOLJKWO\#GLIIHUHQW#IURP#WKDW PHWK\O#EURPLGH#DQG#IDFLOLWLHV# LQ#WKH#8161#SURGXFH
RI#WKH#SUHYLRXV#5,$V#EHFDXVH#ZH#DWWULEXWH#EHQHILWV 5<14# PLOOLRQ# NLORJUDPV># 5,# PHWK\O# EURPLGH
WR#HIIHFWV#RI#UHGXFHG#VWUDWRVSKHULF#R]RQH#DQG#QRW#WR SURGXFWLRQ#JURZV#DW#818#SHUFHQW#DQQXDOO\#XQWLO#5358
JOREDO#ZDUPLQJ1##:H#SUHVHQW#WKH#EHQHILWV#HVWLPDWH#DV DQG#]HUR#SHUFHQW#WKHUHDIWHU>#6,#83#SHUFHQW#RI#PHWK\O
D#QHW#SUHVHQW#YDOXH/#UDWKHU#WKDQ#DQ#DQQXDOL]HG#YDOXH/ EURPLGH#SURGXFWLRQ#JHQHUDWHV#HPLVVLRQV>#7,#KXPDQV
EHFDXVH#DQQXDOL]DWLRQ#LQFRUUHFWO\#LPSXWHV#EHQHILWV JHQHUDWH#DERXW#58#SHUFHQW#RI#WRWDO#PHWK\O#EURPLGH
RI# ODWHU#SKDVHRXWV# WR# HDUOLHU# \HDUV1# #)RU# H[DPSOH/ HPLVVLRQV >#DQG#8,#EURPLQH#LV#73#WLPHV#DV#HIIHFWLYH
DQQXDOL]DWLRQ#RI#WKH#EHQHILWV#RI#SKDVLQJ#RXW#+&)&0 DV# FKORULQH# DW#GHVWUR\LQJ#R]RQH1# #$OVR/#EDVHG#RQ
55#E\#5353#DWWULEXWHV#EHQHILWV#WR#\HDUV#SULRU#WR#5363/ 1$6$*V#QHZ# GDWD# UHJDUGLQJ# WKH# H[WHQW#RI#R]RQH
ZKHQ# QHLWKHU# WKH# FRVWV# QRU# WKH# EHQHILWV# RI# WKDW GHSOHWLRQ#LQ#WKH#1RUWKHUQ#+HPLVSKHUH/#WKH#PRGHO
SKDVHRXW# KDYH# \HW# RFFXUUHG1# # &RQVHTXHQWO\/# DQ DVVXPHV#WKDW#WKH#ZHLJKWHG#DYHUDJH#R]RQH#GHSOHWLRQ
DQQXDOL]HG# HVWLPDWH#ZLOO#RYHUVWDWH#EHQHILWV# DW# WKH ZDV#616;#SHUFHQW#LQ#4<;<#UHODWLYH#WR#4<:<#1# ###
EHJLQQLQJ#RI# WKH# WLPH# VSDQ# DQG#XQGHUVWDWH# WKHP
ODWHU1##

Emissions Modeling 

7KH#PHWKRGRORJ\#IRU#SUHGLFWLQJ#JOREDO#XVH#RI
R]RQH0GHSOHWLQJ# FKHPLFDOV# DQG# WKH# UHVXOWLQJ
HPLVVLRQV# LV# VLPLODU# WR# WKH#PHWKRGRORJ\# XVHG# LQ
5HJXODWRU\#,PSDFW#$QDO\VLV=##&RPSOLDQFH#ZLWK#6HFWLRQ#937

53

54

7KH#FRQWURO#VFHQDULR#XVHG#LQ#WKLV#SURVSHFWLYH
DQDO\VLV#LV#EDVHG#RQ#WKH#%&$$#SKDVHRXW#VFHQDULR%
HVWDEOLVKHG# LQ# WKH# 4<<5#5,$#DQG# WKH# %3UHVLGHQW*V
VFKHGXOH%#RXWOLQHG#LQ#$GGHQGXP#WR#WKH#4<<5#3KDVHRXW
5HJXODWRU\#,PSDFW#$QDO\VLV=##$FFHOHUDWLQJ#WKH#3KDVHRXW#RI
&)&*V/#+DORQV/#0HWK\O#&KORURIRUP/#&DUERQ#7HWUDFKORULGH/
DQG# +&)&*V# +4<<6,1# # 7KH# SKDVHRXW# VFKHGXOH/
SUHVHQWHG#LQ#7DEOH#*05/#VXPPDUL]HV#WKH#HPLVVLRQ
UHGXFWLRQV# LQFRUSRUDWHG# LQ# WKLV# VWXG\*V# FRQWURO
VFHQDULR1##7KH#HPLVVLRQV#PRGHO#IRUHFDVWV#JOREDO#XVH
DQG# HPLVVLRQV# RI# &)&V/# 0&)V/# FDUERQ
WHWUDFKORULGH/#+&)&V/#DQG#KDORQV#XQGHU#WKH#FRQWURO
VFHQDULR# LQ# WZR# PDMRU# VWHSV1 # # )RU# VHFWLRQV55

#7KH#UHODWLRQVKLSV#EHWZHHQ#VWUDWRVSKHULF#R]RQH#GHSOHWLRQ4:

DQG#JOREDO#ZDUPLQJ#DQG#EHWZHHQ#VWUDWRVSKHULF#R]RQH#GHSOHWLRQ
DQG# WURSRVSKHULF#R]RQH# DUH# LQFRPSOHWHO\#XQGHUVWRRG# DW# WKLV
WLPH1#7KH#5HJXODWRU\#,PSDFW#$QDO\VLV=#&RPSOLDQFH#ZLWK#6HFWLRQ#937#RI
WKH#&OHDQ#$LU#$FW#IRU#WKH#3KDVHRXW#RI#2]RQH#'HSOHWLQJ#&KHPLFDOV#+4<<5,
DQG#WKH#$GGHQGXP#WR#WKH#4<<5#3KDVHRXW#5HJXODWRU\#,PSDFW#$QDO\VLV=
$FFHOHUDWLQJ#WKH#3KDVHRXW#RI#&)&V/#+DORQV/#0HWK\O#&KORURIRUP/#&DUERQ #6RXUFHV#RI#PHWK\O#EURPLGH#LQFOXGH#DQWKURSRJHQLF#DQG
7HWUDFKORULGH/#DQG#+&)&V#+4<<6,#EDVH#WKHLU#WURSRVSKHULF#R]RQH QDWXUDO#VRXUFHV1##1DWXUDO#VRXUFHV#LQFOXGH#WKH#RFHDQ/#SODQWV/#DQG
HVWLPDWHV#RQ#WKH#%(IIHFWV#RI#,QFUHDVHG#89#5DGLDWLRQ#RQ#8UEDQ VRLO1###
2]RQH%#+:KLWWHQ#DQG#*HU\/#4<;9,1

#1RWH#WKDW#WKH#5HJXODWRU\#,PSDFW#$QDO\VLV=#&RPSOLDQFH#ZLWK 6FLHQFH/# DQG# 7UDQVSRUWDWLRQ# 6XEFRPPLWWHH# RQ# 6FLHQFH/4;

6HFWLRQ#937#RI#WKH#&OHDQ#$LU#$FW#IRU#WKH#3KDVHRXW#RI#2]RQH#'HSOHWLQJ 7HFKQRORJ\/# DQG# 6SDFH/#$SULO# 49/# 4<<4># ,&)/# ,QFRUSRUDWHG/
&KHPLFDOV#+4<<5,#DQG#WKH#$GGHQGXP#WR#WKH#4<<5#3KDVHRXW#5HJXODWRU\ $GGHQGXP# WR# WKH# 4<<5# 3KDVHRXW# 5HJXODWRU\# ,PSDFW# $QDO\VLV=
,PSDFW#$QDO\VLV=#$FFHOHUDWLQJ# WKH#3KDVHRXW#RI#&)&V/#+DORQV/#0HWK\O $FFHOHUDWLQJ#WKH#3KDVHRXW#RI#&)&V/#+DORQV/#0HWK\O#&KORURIRUP/#&DUERQ
&KORURIRUP/# &DUERQ# 7HWUDFKORULGH/# DQG# +&)&V# +4<<6,# # GR# QRW 7HWUDFKORULGH/# DQG# +&)&V/# # 3UHSDUHG# IRU# WKH# 6WUDWRVSKHULF
SURYLGH#GDWD#RQ#WKH#PRGHOV#XVHG#WR#HVWLPDWH#890E#UDGLDWLRQ1 3URWHFWLRQ# 'LYLVLRQ/# 2IILFH# RI# $LU# DQG# 5DGLDWLRQ/# 8161

#7KH#EHQHILWV#HVWLPDWHV#XVHG# LQ#WKH#5,$V*#EHQHILW2FRVW4<

FRPSDULVRQ# VHFWLRQV# GR# QRW# UHIOHFW# HFRQRPLF# LPSDFWV# +H1J1/ #6HH# ,&)/# ,QFRUSRUDWHG/#$GGHQGXP# WR# WKH# 4<<5#3KDVHRXW
SURILW#LQFUHDVHV#WKDW#RFFXU#LI#DOWHUQDWLYH#WHFKQRORJLHV#DUH#PRUH 5HJXODWRU\#,PSDFW#$QDO\VLV=#$FFHOHUDWLQJ#WKH#3KDVHRXW#RI#&)&V/#+DORQV/
HIILFLHQW#WKDQ#2'60XVLQJ#WHFKQRORJLHV,1 0HWK\O#&KORURIRUP/#&DUERQ#7HWUDFKORULGH/#DQG#+&)&V/##3UHSDUHG#IRU

53

#6WRODUVNL/#:DWVRQ/#7HVWLPRQ\#WR#WKH#6HQDWH#&RPPHUFH/54

(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\/#6HSWHPEHU#43/#4<<6/#SDJH#<1

55
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UHIOHFWLQJ# WKH# DFFHOHUDWHG# UHGXFWLRQ# DQG#SKDVHRXW WRWDO# FROXPQ#R]RQH/# WKH#(3$#PRGLILHV#&RQQHOO*V
VFKHGXOH/# WKH# PRGHO# ILUVW# DSSOLHV# WKH# FKHPLFDO SDUDPHWHUL]HG# YHUVLRQ# RI# D# RQH0GLPHQVLRQDO
GHPDQG#JURZWK#UDWHV#GHYHORSHG#IRU#WKH#5HJXODWRU\ DWPRVSKHULF#FKHPLVWU\#PRGHO1 ##7KH#(3$#FDOLEUDWHV
,PSDFW#$QDO\VLV=#3URWHFWLRQ#RI#6WUDWRVSKHULF#2]RQH#+4<;;,/ WKLV#PRGHO#WR#LQFRUSRUDWH#WKH#HIIHFWV#RI#DWPRVSKHULF
ZLWK# WKH# DVVXPSWLRQ# WKDW# DOO#QDWLRQV#ZLOO# FRPSO\ SURFHVVHV#+H1J1/#KHWHURJHQHRXV#FKHPLFDO#UHDFWLRQV,
ZLWK#WKH#&RSHQKDJHQ#$PHQGPHQWV1##)RU#WKH#RWKHU E\# DSSO\LQJ# DQ# DGMXVWPHQW# IDFWRU# WR# WKH
VHFWLRQV# +L1H1/# VHFWLRQ# 944/# VHFWLRQ# 93</# DQG# WKH VWUDWRVSKHULF#R]RQH#FRQWHQW>#WKLV#FDOLEUDWLRQ#HQVXUHV
HFRORJLFDO#FRPSRQHQWV#RI#VHFWLRQV#937#DQG#939,/#WKH WKDW#WKH#PRGHO*V#JOREDO#UHVXOWV#DUH#FRQVLVWHQW#ZLWK
PRGHO# DVVXPHV# WKDW# DOO# QDWLRQV# FRPSO\#ZLWK# WKH KLVWRULFDO# R]RQH# WUHQGV# IRU# QRUWKHUQ# KHPLVSKHUH
0RQWUHDO# 3URWRFRO# DQG# WKH# 4<<3# /RQGRQ PLGGOH# DQG# KLJK# ODWLWXGHV1 # # 7KH# (3$*V#PRGHO
$JUHHPHQWV1 # # 6HFRQG/# WKH#PRGHO# DSSOLHV# WKHVH DVVXPHV#WKDW#LQFUHDVHV#LQ#VWUDWRVSKHULF#FKORULQH#DUH56#

JURZWK#UDWHV#WR#WKH#UHOHDVH#UDWHV#IRU#WKH#FKHPLFDOV1 WKH#SULPDU\#FDXVHV#RI#WKH#REVHUYHG#R]RQH#FKDQJH57

7KLV# FDOFXODWLRQ# JHQHUDWHV# WKH# WRWDO# HPLVVLRQV DQG# WKDW# WKH# DQQXDO# DYHUDJH# FKDQJH# LQ# 890E
HVWLPDWH#IRU#HDFK#FKHPLFDO#IURP#4<;8#WR#54981 SUHGLFWHG#E\# WKH#PRGHOLQJ# IUDPHZRUN# HTXDOV# WKH58

Stratospheric Ozone Depletion
Modeling #and Global Warming

8VLQJ#WKH#WRWDO#HPLVVLRQV#HVWLPDWHV#RI#2'6V/
WKH# DWPRVSKHULF# OLIHWLPHV# RI# WKH# FKHPLFDOV/# DQG
FRQYHUVLRQ#IDFWRUV/#WKH#(3$#FDOFXODWHV#VWUDWRVSKHULF
FKORULQH# DQG# EURPLQH# FRQFHQWUDWLRQV1# # /LIHWLPHV
LQGLFDWH# WKH# OHQJWK#RI# WLPH# WKDW# WKH# FKORULQH# DQG
EURPLQH# DVVRFLDWHG#ZLWK# D# VSHFLILF# FKHPLFDO#ZLOO
OLNHO\#UHPDLQ#LQ#WKH#DWPRVSKHUH1#&RQYHUVLRQ#IDFWRUV
UHODWH# WKH# HPLVVLRQV# WR# VWUDWRVSKHULF# R]RQH
FKDQJHV1 # #7R# WUDQVODWH# FKDQJHV# LQ# VWUDWRVSKHULF59

FKORULQH#DQG#EURPLQH#FRQFHQWUDWLRQV#WR#FKDQJHV#LQ

5:

5;

DQQXDO# DYHUDJH# 890E# FKDQJH# LQIHUUHG# IURP
REVHUYHG#R]RQH#WUHQGV#DQG#UDGLDWLRQ#PRGHOV1

,Q#FRQMXQFWLRQ#ZLWK#WKH#FDOLEUDWHG#YHUVLRQ#RI
&RQQHOO*V# SDUDPHWHUL]HG#PRGHO/# D# VHFRQG#PRGHO
LQFRUSRUDWHV# WKH# DELOLW\# RI# &)&V/# KDORQV/#0&)/
FDUERQ# WHWUDFKORULGH/# DQG# +&)&V# WR# DFW# DV
JUHHQKRXVH#JDVHV#+VXEVWDQFHV#WKDW#FRQWULEXWH#WR#WKH
ZDUPLQJ#RI# WKH# HDUWK*V# DWPRVSKHUH#E\# DEVRUELQJ
LQIUDUHG# UDGLDWLRQ# HPLWWHG# IURP# WKH# HDUWK*V
VXUIDFH,1 #7KLV# VHFRQG#PRGHO/# DGDSWHG# IURP# WKH5<

WKH# 6WUDWRVSKHULF# 3URWHFWLRQ# 'LYLVLRQ/# 2IILFH# RI# $LU# DQG
5DGLDWLRQ/#8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\/#6HSWHPEHU
43/#4<<6/#SDJH#<1

#,ELG/#,&)#+4<<6D,/#<>#,ELG#,&)#+4<<5,/#609#DQG#6045156

#,ELG/#,&)#+4<<6D,/#4>#,ELG#,&)#+4<<5,/#60451 6WUDWRVSKHULF#2]RQH/#$XJXVW#4/#4<;;1,57

# ,&)# ,QFRUSRUDWHG*V# $GGHQGXP# WR# WKH# 4<<5# 3KDVHRXW #5RGULJXH]/#-101/#01.1:1#.R/#DQG#11'1#6]H/#%#$QWDUFWLF58

5HJXODWRU\#,PSDFW#$QDO\VLV=##$FFHOHUDWLQJ#WKH#3KDVHRXW#RI#&)&V/#+DORQV/ &KORULQH#&KHPLVWU\=#3RVVLEOH#*OREDO#,PSOLFDWLRQV/%#*HRSK\VLFDO
0HWK\O#&KORURIRUP/#&DUERQ#7HWUDFKORULGH/#DQG#+&)&V#+4<<6D,#GRHV 5HVHDUFK#/HWWHUV/#48/#4<;;/#SDJHV#58:05931
QRW#SUHVHQW#HPLVVLRQV#HVWLPDWHV1#

###7KH#VRXUFHV#RI#WKH#R]RQH#GHSOHWLQJ#SRWHQWLDO#HVWLPDWHV E\#DIIHFWLQJ# WKH#HQHUJ\#HIILFLHQF\#RI#&)&0XVLQJ#FDSLWDO#VWRFN59

LQFOXGH#)LVKHU#HW#DO1# +4<<3D,#DQG#WKH#4<;:#0RQWUHDO#3URWRFRO1 +H1J1/#LQVXODWLQJ#IRDP#DQG#UHIULJHUDWRUV,1#$V#FKHPLFDOV#WKDW#DUH
+,&)#,QFRUSRUDWHG/##5HJXODWRU\#,PSDFW#$QDO\VLV=##&RPSOLDQFH#ZLWK PRUH#RU#OHVV#HQHUJ\#HIILFLHQW#UHSODFH#&)&V/#WRWDO#HQHUJ\#GHPDQG
6HFWLRQ#937#RI#WKH#&OHDQ#$LU#$FW#IRU#WKH#3KDVHRXW#RI#2]RQH0'HSOHWLQJ FRXOG#GLPLQLVK#RU#LQFUHDVH/#FDXVLQJ#FKDQJHV#LQ#WKH#HPLVVLRQV#RI
&KHPLFDOV/#3UHSDUHG#IRU#WKH#*OREDO#&KDQJH#'LYLVLRQ/#2IILFH#RI HQHUJ\0UHODWHG#JUHHQKRXVH#JDVHV1##+,&)#,QFRUSRUDWHG/##5HJXODWRU\
$LU# DQG# 5DGLDWLRQ/# 8161# (QYLURQPHQWDO# 3URWHFWLRQ# $JHQF\/ ,PSDFW#$QDO\VLV=##&RPSOLDQFH#ZLWK#6HFWLRQ#937#RI#WKH#&OHDQ#$LU#$FW#IRU
4<<5/#SDJH#60491, WKH#3KDVHRXW#RI#2]RQH0'HSOHWLQJ#&KHPLFDOV/#3UHSDUHG#IRU#WKH#*OREDO

##&RQQHOO/#3HWHU/#%$#3DUDPHWHUL]HG#1XPHULFDO#)LW#WR#7RWDO5:

&ROXPQ#2]RQH#&KDQJHV#&DOFXODWHG#E\#WKH#//1/#40'#0RGHO
RI# WKH#7URSRVSKHUH# DQG#6WUDWRVSKHUH/%#/DZUHQFH#/LYHUPRUH
1DWLRQDO#/DERUDWRU\/#/LYHUPRUH/#&$/#4<;91#+)RU#D#GHVFULSWLRQ
RI# WKH# VWUDWRVSKHULF# R]RQH#PRGHO/# VHH# 8161# (QYLURQPHQWDO
3URWHFWLRQ#$JHQF\/#$VVHVVLQJ# WKH#5LVNV# RI#7UDFH#*DVHV# WKDW#&DQ
0RGLI\# WKH# 6WUDWRVSKHUH/# 4<;:># 8161# (QYLURQPHQWDO# 3URWHFWLRQ
$JHQF\/#)XWXUH#&RQFHQWUDWLRQV#RI#6WUDWRVSKHULF#&KORULQH#DQG#%URPLQH/
(3$# 733240;;0338/# $XJXVW# 4<;;># DQG# 8161# (QYLURQPHQWDO
3URWHFWLRQ# $JHQF\/# 5HJXODWRU\# ,PSDFW# $QDO\VLV=# 3URWHFWLRQ# RI

5;

#&)&#VXEVWLWXWHV#PD\#LQGLUHFWO\#LQIOXHQFH#JOREDO#ZDUPLQJ5<
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*RGGDUG#,QVWLWXWH#RI#6SDFH#6FLHQFHV*#FOLPDWH#PRGHO/ DWPRVSKHULF# UHVSRQVH/# DQG# RWKHU# IDFWRUV1 # # 7KH
XVHV# HVWLPDWHV# IRU# HPLVVLRQV# RI# FRQWUROOHG (3$#HVWLPDWHV#WKDW#WKH#DFFHOHUDWHG#UHGXFWLRQ#DQG
FKHPLFDOV/#VXEVWLWXWH#FKHPLFDOV/#DQG#HQHUJ\0UHODWHG SKDVHRXW# VFKHGXOHV# RI# VHFWLRQ# 937# DQG# 939# ZLOO
JUHHQKRXVH# JDVHV# WR# FDOFXODWH# FKDQJHV# LQ# JOREDO UHVXOW# LQ# :# SHUFHQW# OHVV# R]RQH# GHSOHWLRQ# IURP
WHPSHUDWXUH#RYHU#WLPH1 #7KH#PRGHO#DGMXVWV#FROXPQ EDVHOLQH#OHYHOV#LQ#5338#DQG#7:134#SHUFHQW#OHVV#R]RQH63

R]RQH#DQG#WHPSHUDWXUH#VR#WKDW#WKH\#DUH#FRQVLVWHQW GHSOHWLRQ#LQ#53:81
ZLWK#FRQVHQVXV#R]RQH0GHSOHWLQJ#SRWHQWLDO#DQG#JOREDO
ZDUPLQJ# SRWHQWLDO# HVWLPDWHV1 # # 7KH# PRGHO# DOVR64

UHIOHFWV# 4,# UDGLDWLYH# DQG# FKHPLFDO# IHHGEDFN# IURP
ZDWHU#YDSRU/#5,#RFHDQ#DEVRUSWLRQ/#6,#DWPRVSKHULF
FLUFXODWLRQ# HIIHFWV/# DQG# 7,# FKHPLFDO# LQWHUDFWLRQV
EHWZHHQ#VXEVWDQFHV1 ###65/#66

(VWLPDWHV#IURP#VWUDWRVSKHULF#R]RQH#PRGHOLQJ
PD\# EH# XQGHU0# RU# RYHUHVWLPDWHV/# GHSHQGLQJ# RQ
KHWHURJHQHRXV#UHDFWLRQV#LQ#WKH#DHURVRO#OD\HU/#R]RQH
GHSOHWLRQ# LQ# WKH# $UFWLF/# WKH# OLQHDULW\# RI# WKH

67

68

Physical Effects 

)RU# WKH# SK\VLFDO# HIIHFWV# WKDW# VFLHQWLVWV# KDYH
PRGHOHG#ZLWK#GRVH0UHVSRQVH#IXQFWLRQV/#ZH#XVH#GDWD
RQ# 890E# UDGLDWLRQ# DQG# WURSRVSKHULF# R]RQH# WR
FDOFXODWH#EHQHILWV1#:H#LQFOXGH#EHQHILWV#WKDW#VFLHQWLVWV
KDYH#LGHQWLILHG#EXW#QRW#\HW#TXDQWLILHG#LQ#D#TXDOLWDWLYH
GLVFXVVLRQ1# %HORZ# ZH# SUHVHQW# WKH# EHQHILWV
PHWKRGRORJ\#IRU#HDFK#VHFWLRQ1

Physical Effects: Sections 604
and 606

7DEOH# *07# SUHVHQWV# WKH# TXDQWLILHG# DQG
XQTXDQWLILHG#SK\VLFDO#HIIHFWV#HVWLPDWHV#RI#VHFWLRQV
937#DQG#939/#ZKLFK#JHQHUDWH#DERXW#<;#SHUFHQW#RI#WKH
EHQHILWV1# 7KH# TXDQWLILHG# EHQHILWV# LQFOXGH# WKH
IROORZLQJ=# UHGXFHG# LQFLGHQFHV# RI# PRUWDOLW\# DQG
PRUELGLW\#DVVRFLDWHG#ZLWK#VNLQ#FDQFHU# +PHODQRPD
DQG#QRQPHODQRPD,>#UHGXFHG#LQFLGHQFHV#RI#FDWDUDFW
PRUELGLW\# DQG# WKH# DVVRFLDWHG# SDLQ# DQG# VXIIHULQJ>
UHGXFHG# FURS# GDPDJH# DVVRFLDWHG# ZLWK# 890E
UDGLDWLRQ# DQG# WURSRVSKHULF# R]RQH># DQG# UHGXFHG
SRO\PHU#GHJUDGDWLRQ#IURP#890E#UDGLDWLRQ1

&KDQJH# 'LYLVLRQ/# 2IILFH# RI# $LU# DQG# 5DGLDWLRQ/# 8161
(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\/#4<<5/#SDJHV#604:#DQG#604;1,

#8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\/#5HJXODWRU\#,PSDFW63

$QDO\VLV=#3URWHFWLRQ# RI#6WUDWRVSKHULF#2]RQH/#$XJXVW# 4/# 4<;;># ,&)
,QFRUSRUDWHG/##5HJXODWRU\#,PSDFW#$QDO\VLV=##&RPSOLDQFH#ZLWK#6HFWLRQ
937#RI#WKH#&OHDQ#$LU#$FW#IRU#WKH#3KDVHRXW#RI#2]RQH0'HSOHWLQJ#&KHPLFDOV/
3UHSDUHG# IRU# WKH#*OREDO#&KDQJH#'LYLVLRQ/#2IILFH#RI#$LU#DQG
5DGLDWLRQ/#8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\/#4<<5/#SDJH
604;1

# 1DWLRQDO# $HURQDXWLFV# DQG# 6SDFH# $GPLQLVWUDWLRQ64

&RQIHUHQFH#3XEOLFDWLRQ#6356/#$Q#$VVHVVPHQW#0RGHO#IRU#$WPRVSKHULF
&RPSRVLWLRQ/#4<;;>#,&)#,QFRUSRUDWHG/#5HJXODWRU\#,PSDFW#$QDO\VLV=
7KH#1DWLRQDO#5HF\FOLQJ#DQG#(PLVVLRQ#5HGXFWLRQ#3URJUDP#+6HFWLRQ#93;
RI# WKH#&OHDQ#$LU#$FW#$PHQGPHQWV# RI# 4<<3,/# # 3UHSDUHG# IRU# WKH
6WUDWRVSKHULF# 3URWHFWLRQ# 'LYLVLRQ/# 8161# (QYLURQPHQWDO
3URWHFWLRQ#$JHQF\/#4<<6/#SDJH#8051

#5DGLDWLYH#IRUFLQJ#FRQVWDQWV#DQG#OLIHWLPHV#IRUP#WKH#EDVLV65

RI# WKH#JOREDO#ZDUPLQJ#SRWHQWLDO#HVWLPDWHV/#FDOFXODWHG#ZLWK#DQ
LQILQLWH# WLPH#KRUL]RQ# +/DVKRI# DQG#$KXMD/# 4<<3,1#)LVKHU# HW# DO1
SURYLGH#GDWD#RQ#GLUHFW#UDGLDWLYH#IRUFLQJ#FRQVWDQWV#+)LVKHU#HW#DO1/
4<<3E,1 #,&)#,QFRUSRUDWHG/##5HJXODWRU\#,PSDFW#$QDO\VLV=##&RPSOLDQFH

#,&)#,QFRUSRUDWHG/#5HJXODWRU\#,PSDFW#$QDO\VLV=#7KH#1DWLRQDO66

5HF\FOLQJ#DQG#(PLVVLRQ#5HGXFWLRQ#3URJUDP#+6HFWLRQ#93;#RI#WKH#&OHDQ#$LU
$FW# $PHQGPHQWV# RI# 4<<3,/# # 3UHSDUHG# IRU# WKH# 6WUDWRVSKHULF
3URWHFWLRQ#'LYLVLRQ/#8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\/
4<<6/# SDJH# 805># # ,&)/# ,QFRUSRUDWHG/# $GGHQGXP# WR# WKH# 4<<5 # ,&)/# ,QFRUSRUDWHG/# $GGHQGXP# WR# WKH# 4<<5# 3KDVHRXW
3KDVHRXW#5HJXODWRU\#,PSDFW#$QDO\VLV=#$FFHOHUDWLQJ#WKH#3KDVHRXW#RI#&)&V/ 5HJXODWRU\#,PSDFW#$QDO\VLV=#$FFHOHUDWLQJ#WKH#3KDVHRXW#RI#&)&V/#+DORQV/
+DORQV/# 0HWK\O# &KORURIRUP/# &DUERQ# 7HWUDFKORULGH/# DQG# +&)&V/ 0HWK\O#&KORURIRUP/#&DUERQ#7HWUDFKORULGH/#DQG#+&)&V/##3UHSDUHG#IRU
3UHSDUHG#IRU#WKH#6WUDWRVSKHULF#3URWHFWLRQ#'LYLVLRQ/#2IILFH#RI WKH# 6WUDWRVSKHULF# 3URWHFWLRQ# 'LYLVLRQ/# 2IILFH# RI# $LU# DQG
$LU# DQG# 5DGLDWLRQ/# 8161# (QYLURQPHQWDO# 3URWHFWLRQ# $JHQF\/ 5DGLDWLRQ/#8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\/#6HSWHPEHU
6HSWHPEHU#43/#4<<6/#SDJH#<1 43/#4<<6/#SDJH#471

67

ZLWK# 6HFWLRQ# 937# RI# WKH#&OHDQ#$LU#$FW# IRU# WKH#3KDVHRXW# RI#2]RQH0
'HSOHWLQJ#&KHPLFDOV/#3UHSDUHG#IRU#WKH#*OREDO#&KDQJH#'LYLVLRQ/
2IILFH#RI#$LU# DQG#5DGLDWLRQ/#8161#(QYLURQPHQWDO#3URWHFWLRQ
$JHQF\/#4<<5/#SDJH#80;1

68
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Table G-4
Benefits of Section 604, 606, and 609

Health Effects - Quantified Estimate Basis for Estimate

& Melanoma and nonmelanoma 6.3 million lives saved from skin Dose-response function based on UV
skin cancer cancer in the U.S. between 1990 exposure and demographics of exposed
(fatal) and 2165 populations.1

& Melanoma and nonmelanoma 299 million avoided cases of non- Dose-response function based on UV
skin cancer fatal skin cancers in the U.S. exposure and demographics of exposed
(non-fatal) between 1990 and 2165 populations.1

& Cataracts 27.5 million avoided cases in the Dose-response function uses a multivariate
U.S. between 1990 and 2165 logistic risk function based on demographic

characteristics and medical history.   1

Ecological Effects - Quantified Estimate Basis for Estimate

& American crop harvests Avoided 7.5 percent decrease from Dose-response sources: Teramura and Murali
UV-b radiation by 2075 (1986), Rowe and Adams (1987)

& American crops Avoided decrease from Estimate of increase in tropospheric ozone:
tropospheric ozone Whitten and Gery (1986). Dose-response

source: Rowe and Adams (1987)

& Polymers Avoided damage to materials from Source of UV-b/stabilizer relationship: Horst
UV-b radiation (1986)

Health Effects- Unquantified

Skin cancer: reduced pain and suffering

Reduced morbidity effects of increased UV.  For example,
& reduced actinic keratosis  (pre-cancerous lesions resulting from excessive sun exposure)
& reduced immune system suppression.

Ecological Effects- Unquantified

Ecological effects of UV. For example, benefits relating to the following:
& recreational fishing
& forests
& overall marine ecosystem
& avoided sea level rise, including avoided beach erosion, loss of coastal wetlands, salinity of estuaries and aquifers
& other crops
& other plant species
& fish harvests

Ecological benefits of reduced tropospheric ozone relating to the overall marine ecosystem, forests, man-made materials,
crops, other plant species, and fish harvests

Benefits to people and the environment outside the U.S.

Effects, both ecological and human health, associated with global warming.

Notes:  
1) For more detail see EPA’s Regulatory Impact Analysis: Protection of Stratospheric Ozone (1988).
2) Note that the ecological effects, unlike the health effects, do not reflect the accelerated reduction and phaseout  

                schedule of section 606.
3) Benefits due to the section 606 methyl bromide phaseout are not included in the benefits total because the EPA 

                provides neither annual incidence estimates nor a monetary value.  The EPA does provide, however, a total 
                estimate of 2,800 avoided skin cancer fatalities in the U.S.
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8VLQJ#WKH#FKDQJH#LQ#89#UDGLDWLRQ#H[SRVXUH#GXH#WR H[SRVXUH1 ##7KLV#VWDWLVWLFDO#DQDO\VLV#XVHV#DQ#HTXDWLRQ
FXUUHQW#DQG#IXWXUH#R]RQH#GHSOHWLRQ/#ZH#HVWLPDWH#WKH RI# WKH# IRUP=# +IUDFWLRQDO# FKDQJH# LQ# LQFLGHQFH,#  
QXPEHU# RI# DGGLWLRQDO# FDVHV# RI# VNLQ# FDQFHU +IUDFWLRQDO#FKDQJH#LQ#89#GRVH#.#4, #04/#ZKHUH#E#+WKH
+PHODQRPD#DQG#QRQ0PHODQRPD,#DQG#FDWDUDFWV1##:LWK ELRORJLFDO#DPSOLILFDWLRQ#IDFWRU,#HTXDOV#WKH#SHUFHQW
WKH#H[FHSWLRQ#RI#QRQ0PHODQRPD#PRUWDOLW\/#ZKLFK#LV FKDQJH#LQ#LQFLGHQFH#DVVRFLDWHG#ZLWK#D#RQH#SHUFHQW
HVWLPDWHG#DV#D#IL[HG#SHUFHQWDJH#RI#QRQ0PHODQRPD FKDQJH# LQ#GRVH1# #7KH#GRVH0UHVSRQVH# IXQFWLRQ# IRU
LQFLGHQFH/# ZH# XVH# GRVH0UHVSRQVH# IXQFWLRQV# WR FDWDUDFWV#LV#GHYHORSHG#VLPLODUO\1
GHYHORS# IXWXUH# LQFUHPHQWDO#VNLQ#FDQFHU#HVWLPDWHV1
:H# HPSOR\# QHDUO\# LGHQWLFDO# DSSURDFKHV# LQ 7KH# KHDOWK# EHQHILWV#PRGHO# XVHV# WKHVH# GRVH0
GHYHORSLQJ# WKH# WKUHH#GRVH0UHVSRQVH# IXQFWLRQV# IRU UHVSRQVH#IXQFWLRQV#WR#SURMHFW#LQFUHPHQWDO#FDVHV#RI
QRQ0IDWDO# QRQ0PHODQRPD# +L1H1/# EDVDO# FHOO# DQG QRQ0IDWDO# QRQ0PHODQRPD/# IDWDO# DQG# QRQ0IDWDO
VTXDPRXV#FHOO#FDUFLQRPD,/#QRQ0IDWDO#PHODQRPD/#DQG PHODQRPD/# DQG# FDWDUDFWV# WKDW# ZLOO# RFFXU# GXH# WR
IDWDO#PHODQRPD1 IXWXUH# LQFUHDVHV# LQ# 89# H[SRVXUH# FDXVHG# E\

VWUDWRVSKHULF#R]RQH#GHSOHWLRQ1# #,Q#HVVHQFH/#IXWXUH
7KH# ILUVW# VWHS# XVHV# UHVXOWV# IURP# VWXGLHV# WKDW LQFUHPHQWDO# KHDOWK# HIIHFWV# DUH# HVWLPDWHG# E\

KDYH#LGHQWLILHG#NH\#JURXSV#RI#ZDYHOHQJWKV##+%DFWLRQ PXOWLSO\LQJ#WKH#EDVHOLQH#OHYHO#RI#HDFK#KHDOWK#HIIHFW
VSHFWUD%,# ZLWKLQ# WKH# 89# VSHFWUXP# WKDW# DUH E\# WKH# SHUFHQWDJH# FKDQJH# LQ# 89# H[SRVXUH# IRU
DVVRFLDWHG#ZLWK#VSHFLILF#W\SHV#RI#KHDOWK#HIIHFWV#+H1J1/ GLIIHUHQW#ODWLWXGHV#LQ#WKH#8161#WLPHV#WKH#DSSURSULDWH
'1$# GDPDJH,1 # # #2QFH# WKH# DSSURSULDWH# DFWLRQ GRVH0UHVSRQVH#IDFWRU1##%HFDXVH#WKH#EDVHOLQH#OHYHOV#RI69

VSHFWUXP#IRU#D#KHDOWK#HIIHFW#LV#GHWHUPLQHG/#WKH#QH[W DOO# RI# WKHVH#890UHODWHG#KHDOWK# HIIHFWV# WHQG# WR#EH
VWHS# LQYROYHV#HVWLPDWLQJ# WKH#DPRXQW#RI#89#GRVH KLJKHU#IRU#ROGHU#SHRSOH#DQG#IRU#WKRVH#ZLWK#OLJKWHU
UHFHLYHG#DW#YDULRXV#ODWLWXGHV#DFURVV#WKH#8161#LQ#WKH VNLQV/#RXU#PHWKRG#IRU#SURMHFWLQJ#IXWXUH#LQFUHPHQWDO
\HDUV# SULRU# WR# R]RQH# GHSOHWLRQ1# # 7KH# WKLUG# VWHS VNLQ# FDQFHUV# DQG# FDWDUDFWV# LQFRUSRUDWHV# WKLV# DQG
LQYROYHV#REWDLQLQJ#QDWLRQZLGH#VNLQ#FDQFHU#LQFLGHQFH RWKHU# UHOHYDQW# IDFWRUV# LQ# LWV# EHQHILWV# HVWLPDWHV1#
DQG#PRUWDOLW\#GDWD#IRU#HDFK#KHDOWK#HIIHFW1 ##7KHVH (VWLPDWHV# RI# QRQ0PHODQRPD# IDWDOLWLHV# DUH# QRW6:

GDWD#DUH#WKHQ#FRPELQHG#ZLWK#WKH#HVWLPDWHG#YDULDWLRQ FDOFXODWHG#IURP#D#GRVH0UHVSRQVH#IXQFWLRQ1##,QVWHDG/
LQ#89# GRVHV# DFURVV# ODWLWXGHV# LQ# D# FURVV0VHFWLRQDO WKH# PRGHO# DVVXPHV# WKDW# WKH# QXPEHU# RI# QRQ0
DQDO\VLV# RI# WKH# UHODWLRQVKLS# EHWZHHQ# VNLQ# FDQFHU PHODQRPD#GHDWKV#ZLOO#EH#D#IL[HG#SHUFHQWDJH#RI#WKH
LQFLGHQFH# RU# PRUWDOLW\# DQG# GLIIHUHQFHV# LQ# 89

6;

E

6<

#6HWORZ/#51%1/#%7KH#:DYHOHQJWKV#RI#6XQOLJKW#(IIHFWLYH#LQ69

3URGXFLQJ#6NLQ#&DQFHU=#$#7KHRUHWLFDO#$QDO\VLV/%#3URFHHGLQJV#RI
WKH#1DWLRQDO#$FDGHP\#RI#6FLHQFHV/#:4+<,=669606699/#4<:71

# 1RQ0IDWDO# EDVDO# DQG# VTXDPRXV# FHOO# QRQ0PHODQRPD6:

LQFLGHQFH# UDWHV#ZHUH#REWDLQHG# IURP#6FRWWR/# -1/#71#)HDUV/# DQG ([SRVXUH#WR#8OWUDYLROHW#5DGLDWLRQ=#$Q#(PSLULFDO#5HODWLRQVKLS/
)UDXPHQL/# %,QFLGHQFH# RI#1RQPHODQRPD# 6NLQ# FDQFHU# LQ# WKH (QYLURQPHQW#,QWHUQDWLRQDO/#YRO1#4:/#:054/#4<<41#
8QLWHG# 6WDWHV/%# 8161# 'HSDUWPHQW# RI# +HDOWK# DQG# +XPDQ
6HUYLFHV/# +1,+,# ;505766/# %HWKHVGD/#0'/# 4<;41# # 1RQ0IDWDO #&DWDUDFW#SUHYDOHQFH#GDWD#ZHUH#REWDLQHG#IURP#/HVNH#DQG
PHODQRPD#LQFLGHQFH#UDWHV#ZHUH#REWDLQHG#IURP#1DWLRQDO#&DQFHU 6SHUGXWR/#%7KH#(SLGHPLRORJ\#RI#6HQLOH#&DWDUDFWV=#$#5HYLHZ/%
,QVWLWXWH#6((5#5HSRUW/#4<;71##)DWDO#PHODQRPD#LQFLGHQFH#UDWHV $PHULFDQ#-RXUQDO#RI#(SLGHPLRORJ\/#9RO1#44;/#1R15/#4850498/
ZHUH# REWDLQHG# IURP# 3LWFKHU/# +101/# %([DPLQDWLRQ# RI# WKH 4<;61##)RU#LQIRUPDWLRQ#RQ#WKH#GRVH0UHVSRQVH#UHODWLRQVKLS/#VHH
(PSLULFDO#5HODWLRQVKLS#%HWZHHQ#0HODQRPD#'HDWK#5DWHV#LQ#WKH +LOOHU/# 51/# 51# 6SHUGXWR/# DQG# )1# (GHUHU/# %(SLGHPLRORJLFDO
8QLWHG# 6WDWHV# 4<8304<:<# DQG# 6DWHOOLWH0%DVHG# (VWLPDWHV# RI $VVRFLDWLRQV#ZLWK#&DWDUDFW# LQ#WKH#4<:404<:5#1DWLRQDO#+HDOWK
([SRVXUH#WR#8OWUDYLROHW#5DGLDWLRQ/%#8161#(3$/#:DVKLQJWRQ/#'&/ DQG#1XWULWLRQ#6XUYH\/%#$PHULFDQ#-RXUQDO#RI#(SLGHPLRORJ\/#9RO1
0DUFK#4:/#4<;:/#GUDIW1 4;/#1R1#5/#56<057</#4<;61

# 1RQ0IDWDO#1RQ00HODQRPD=# 6FRWWR/# -/# DQG# 71# )HDUV/6;

%(VWLPDWLQJ# ,QFUHDVHV# LQ# 6NLQ# &DQFHU# 0RUELGLW\# 'XH# WR
,QFUHDVHV# LQ# 8OWUDYLROHW# 5DGLDWLRQ# ([SRVXUH/%# &DQFHU
,QYHVWLJDWLRQ/#4+5,/#44<0459/#4<;61##1RQ0IDWDO#0HODQRPD=#6FRWWR/
-/#DQG#71#)HDUV/#%7KH#$VVRFLDWLRQ#RI#6RODU#8OWUDYLROHW#DQG#6NLQ
0HODQRPD#,QFLGHQFH#$PRQJ#&DXFDVLDQV#LQ#WKH#8QLWHG#6WDWHV/%
&DQFHU#,QYHVWLJDWLRQ/#8+7,/#5:805;6/#4<;:1##0HODQRPD#PRUWDOLW\=
3LWFKHU/#+101/#DQG#-1'1#/RQJVWUHWK/#%0HODQRPD#0RUWDOLW\#DQG

6<
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WRWDO#QRQ0PHODQRPD#FDVHV1 ##:H#HVWLPDWH#WKDW#IURP 7KH#HIIHFW#RI#WKH#XQFHUWDLQWLHV#LQ#WKH#ILUVW#WZR73

4<<3#WR#5498#VHFWLRQV#937#DQG#939#ZLOO#UHVXOW#LQ#916 DVSHFWV#RI#WKH#892PHODQRPD#UHODWLRQVKLS#+DFWLRQ
PLOOLRQ# DYRLGHG# GHDWKV# IURP# VNLQ# FDQFHU/# 5:18 VSHFWUXP# DQG# GRVH# PHWULF,# RQ# WKH# PHODQRPD
PLOOLRQ# DYRLGHG# FDWDUDFW# FDVHV/# DQG# 5<<13#PLOOLRQ PRUWDOLW\#HVWLPDWHV#LV#GLIILFXOW#WR#GHWHUPLQH#EDVHG#RQ
FDVHV#RI#QRQ0IDWDO#VNLQ#FDQFHUV#+PHODQRPD#DQG#QRQ0 FXUUHQW#LQIRUPDWLRQ1##,I#PHODQRPD#PRUWDOLW\#H[KLELWV
PHODQRPD,1 D#ODWHQF\#SHULRG/#RXU#UHVXOWV#PD\#EH#RYHUHVWLPDWHG/

$OWKRXJK# WKH# HYLGHQFH# OLQNLQJ# 890E# DQG ODWHQF\#SHULRG1
PHODQRPD# LV# FRQWURYHUVLDO/# VWXGLHV# VXJJHVW# WKDW
H[SRVXUH#WR#VXQOLJKW#LV#D#PDMRU#HQYLURQPHQWDO#ULVN 7R# HVWLPDWH# FURS# GDPDJH/# ZH# DSSO\# HDUOLHU
IDFWRU#IRU#PHODQRPD1##+RZHYHU/#XQFHUWDLQW\#H[LVWV VWXGLHV#RQ# WKH# UHODWLRQVKLS#EHWZHHQ# FURSV/#890E
DERXW# WKUHH# DVSHFWV# RI# WKLV# UHODWLRQVKLS=# WKH UDGLDWLRQ/#DQG#WURSRVSKHULF#R]RQH#WR#WKH#FKDQJHV#LQ
DSSURSULDWH# DFWLRQ# VSHFWUXP# +L1H1/# WKH# UHODWLYH 890E#UDGLDWLRQ#DQG#WURSRVSKHULF#R]RQH##SUHGLFWHG
FRQWULEXWLRQ# RI# GLIIHUHQW#ZDYHOHQJWKV# RI# OLJKW# WR E\# WKH#HPLVVLRQV#PRGHOV1 # #:H#HVWLPDWH# WKDW# WKH
RYHUDOO# ULVN,/# WKH# DSSURSULDWH# GRVH#PHWULF# +DFXWH/ DYRLGHG# LQFUHDVH# LQ# GDPDJH# WR# $PHULFDQ# FURS
LQWHUPLWWHQW/#RU#FKURQLF,/#DQG#WKH#LPSRUWDQFH#RI#DJH KDUYHVWV# IURP#890E# UDGLDWLRQ#E\# 53:8#ZLOO# HTXDO
DW#H[SRVXUH1##$OWKRXJK#890E#ZDV#LQLWLDOO\#WKRXJKW DERXW# :18#SHUFHQW1# # #7R# FDOFXODWH# WKH#EHQHILWV#RI
WR#EH#VROHO\#UHVSRQVLEOH#IRU#PHODQRPD/#VWXGLHV#E\ DYRLGHG# SKRWRGHJUDGDWLRQ# RI# DOO# 890E# VHQVLWLYH
6HWORZ#HW#DO1#+4<<6,#DQG#/H\#+4<<:,#KDYH#VKRZQ#WKDW SRO\PHUV/#ZH#XVH#WKH#+RUVW#HW#DO1#VWXG\#+4<;9,#RQ#WKH
890D#DV#ZHOO#DV#890E#LV#D#VLJQLILFDQW#IDFWRU#LQ#WKH UHODWLRQVKLS# EHWZHHQ# 890E# UDGLDWLRQ# DQG# WKH
LQGXFWLRQ# RI# PHODQRPD1# # 7KH# XQFHUWDLQW\ LQFUHDVH# LQ#SRO\PHU#VWDELOL]HUV#QHHGHG# WR#PLWLJDWH
VXUURXQGLQJ# WKH#GRVH0PHWULF# VWHPV# IURP# WKH# IDFW ULJLG#39&#SLSH#GDPDJH1
WKDW# FKURQLF/# FXPXODWLYH/# ORZ0OHYHO# H[SRVXUHV# WR
VXQOLJKW# DUH# QRW# DVVRFLDWHG#ZLWK# GHYHORSPHQW# RI 7KH#XQTXDQWLILHG#HIIHFWV#RI#VHFWLRQV# 937#DQG
PHODQRPD1##,QVWHDG/#PHODQRPD#ULVN#LV#KLJKHU#DPRQJ 939# LQFOXGH# WKH# IROORZLQJ=# DYRLGHG# SDLQ# DQG
WKRVH# LQWHUPLWWHQWO\#H[SRVHG# WR# VXQOLJKW#DQG# WKDW VXIIHULQJ#IURP#VNLQ#FDQFHU/#HFRORJLFDO#HIIHFWV#RI#890
PHODQRPD#RFFXUV#PRVW# IUHTXHQWO\#RQ#ERG\#SDUWV E#UDGLDWLRQ#DQG#WURSRVSKHULF#R]RQH/#KXPDQ#KHDOWK
WKDW#DUH#LQWHUPLWWHQWO\#H[SRVHG1##7KHUHIRUH/#FXUUHQW DQG# HQYLURQPHQWDO# EHQHILWV# RXWVLGH# WKH# 8QLWHG
WKLQNLQJ#VXJJHVWV#WKDW#LQWHUPLWWHQW/#LQWHQVH#EXUVWV#RI 6WDWHV/#DQG#FKDQJHV# LQ#SXOPRQDU\#DQG#UHVSLUDWRU\
89#H[SRVXUH#+L1H1/#VXQEXUQV,#DUH#DQ#LPSRUWDQW#IDFWRU
LQ#WKH#GHYHORSPHQW#RI#PHODQRPD1##(SLGHPLRORJLFDO
VWXGLHV# H[SORULQJ# WKLV#K\SRWKHVLV#KDYH# FRQILUPHG
VXFK#DQ#DVVRFLDWLRQ/#WKRXJK#WKH#VWUHQJWK#RI#WKHVH
ILQGLQJV#PD\#EH#ZHDNHQHG#E\#UHFDOO#ELDV#+%HUZLFN
4<<;,1##)LQDOO\/#PHODQRPD#PD\#H[KLELW#D#VLJQLILFDQW
ODWHQF\# SHULRG># VWXGLHV# VXFK# DV# +ROPDQ# DQG
$UPVWURQJ#+4<;7,#KDYH#IRXQG#WKDW#VHYHUH#HDUO\#OLIH
H[SRVXUHV#WR#89#DUH#DQ# LPSRUWDQW#ULVN#IDFWRU#IRU
PHODQRPD# LQ# DGXOWV1# #+RZHYHU/# WKH#PRVW# UHFHQW
VWXG\#RI#WKLV#HIIHFW#+$XWLHU#DQG#'RUH/#4<<;,#IRXQG
WKDW# FKLOGKRRG# H[SRVXUHV# DUH# LPSRUWDQW# RQO\# LQ
DGGLWLRQ#WR#VHYHUH#DGXOW#H[SRVXUHV1

EHFDXVH# WKH# DQDO\VLV# GLG#QRW# VSHFLILFDOO\#PRGHO# D

74

75

#1RQ0PHODQRPD#PRUWDOLW\#HVWLPDWHV#DUH#EDVHG#RQ GDPDJH#IURP#890E/#LW#GRHV#QRW#SURYLGH#D#TXDQWLILHG#HVWLPDWH#LQ73

WKH#DVVXPSWLRQ#WKDW#RQH#SHUFHQW#RI#QRQ0PHODQRPD# LQFLGHQFH QRQ0PRQHWDU\#WHUPV1#
UHVXOWV#LQ#PRUWDOLW\1

#6RXUFHV#RI#GRVH0UHVSRQVH#UHODWLRQVKLS#IRU#FURSV#DQG#89074

E=#7HUDPXUD#DQG#0XUDOL#+4<;9,##DQG#5RZH#DQG#$GDPV#+4<;:,1
6RXUFH#RI#GRVH0UHVSRQVH#UHODWLRQVKLS#IRU#FURSV#DQG#WURSRVSKHULF
R]RQH=# 5RZH# DQG# $GDPV# +4<;:,1# 6RXUFH# RI# LQFUHDVHG
WURSRVSKHULF#R]RQH#HVWLPDWHV=#:KLWWHQ#DQG#*HU\#+4<;9,1##2XU
EHQHILWV# DQDO\VLV# GRHV# QRW# LQFOXGH# DVVHVVLQJ# WKH# HIIHFWV# RI
WURSRVSKHULF# R]RQH# RQ# IRUHVWV1# # $OWKRXJK# WKHUH# DUH# &05
IXQFWLRQV#DYDLODEOH#WKDW#ZRXOG#DOORZ#DQ#DVVHVVPHQW/#ZH#FRXOG
QRW#XVH#WKHP#EHFDXVH#RI#ZH#GR#QRW#KDYH#WKH#QHFHVVDU\#PHDVXUH
RI#WURSRVSKHULF#R]RQH#FKDQJHV1#

#$OWKRXJK#WKH#5HJXODWRU\#,PSDFW#$QDO\VLV=##&RPSOLDQFH#ZLWK75

6HFWLRQ#937#RI#WKH#&OHDQ#$LU#$FW#IRU#WKH#3KDVHRXW#RI#2]RQH0'HSOHWLQJ
&KHPLFDOV# #SURYLGHV#PRQHWL]HG#EHQHILWV# HVWLPDWHV#RI# UHGXFHG
FURS#GDPDJH#IURP# WURSRVSKHULF#R]RQH#DQG#UHGXFHG#SRO\PHU
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IXQFWLRQV#IURP#LQFUHDVHG#WURSRVSKHULF#R]RQH1 ##7KH LUUDGLDWLRQ#RI# FHOOV#JURZQ# LQ# YLWUR# DQG# H[SRVHG# WR76

(3$# DOVR# OLVWV# DYRLGHG# DFWLQLF# NHUDWRVLV# +SUH0 VXQOLJKW#IRU#DV#OLWWOH#DV#43#WR#63#PLQXWHV#FDQ#DFWLYDWH
FDQFHURXV#OHVLRQV#IURP#H[FHVVLYH#VXQ#H[SRVXUH,#DV WKH#KXPDQ# LPPXQRGHILFLHQF\#YLUXV# W\SH#4# ++,90
DQRWKHU# XQTXDQWLILHG# EHQHILW1# # 8VLQJ# WKH# ILUVW 4,1 ##6FLHQWLVWV/#KRZHYHU/#KDYH#QRW#\HW#SURYLGHG#D
1DWLRQDO# +HDOWK# DQG# 1XWULWLRQ# ([DPLQDWLRQ TXDQWLWDWLYH#UHODWLRQVKLS#EHWZHHQ#WKH#LPSDFW#RI#890
+1+$1(6# ,,/#(QJOHV# HW# DO1# OLQNHG# LQFUHDVHG#89 E0LQGXFHG# LPPXQRVXSSUHVVLRQ# DQG# KXPDQ
H[SRVXUH# WR# LQFUHDVHG# LQFLGHQFH# RI# DFWLQLF GLVHDVH1
NHUDWRVLV1 # #7KLV#VWXG\/#KRZHYHU/#GLG#QRW#SURYLGH77

VXIILFLHQW# TXDQWLWDWLYH# LQIRUPDWLRQ# UHODWLQJ# WKH
LQFLGHQFH# RI# DFWLQLF# NHUDWRVLV# WR# OHYHOV# RI# 89
UDGLDWLRQ1#,Q#DGGLWLRQ/#VHYHUDO#UHVHDUFKHUV#SURYLGH
GDWD#VXJJHVWLQJ#WKDW#DYRLGHG#LQFUHDVHV#LQ#LQIHFWLRQ
LQWHQVLW\#PD\#FRQVWLWXWH#DQ#XQTXDQWLILHG#EHQHILW1#)RU
H[DPSOH/#3HUQD#HW#DO1#DVVRFLDWHG#890E#H[SRVXUH#ZLWK
WKH#UHDFWLYDWLRQ#RI#+HUSHV#YLUXV#LQIHFWLRQV1 ##2WKHU78

VWXGLHV#KDYH#OLQNHG#89#H[SRVXUHV#WR#UHGXFWLRQV#LQ
WKH# DELOLW\# RI# DQLPDOV# WR# FRQWURO# LQIHFWLRQV#ZLWK
/HLVKPDQLD# VS1# +*LDQQLQL# DQG# 'H)DER,># PDODULD
+7D\ORU#DQG#(DJOHV,1##7KH#\HDVW#FDQGLGD#+'HQNLQV#HW
DO1#DQG#&KXQJ#HW#DO,>1WKH#EDFWHULXP#VWDSK\ORFRFFXV#DXUHXV
+&KXQJ#HW#DO,1 ##9DOHULH#HW#DO1#DOVR#VKRZHG#WKDW#8979

7:

7;

Physical Effects: Sections 608, 609,
and 611

)RU# VHFWLRQV# 93;/# 93</# DQG# 944#ZH# EDVH# WKH
TXDQWLILHG#EHQHILWV#HVWLPDWHV#RQ#WKH#PHWKRGRORJ\
XVHG#IRU#VHFWLRQV#937#DQG#939/#EXW#GR#QRW#SURYLGH
WKH# TXDQWLILHG# HVWLPDWHV# FLWHG# LQ# WKH#5,$V1# # )RU
VHFWLRQ# 93;# ZH# XVH# WKH# VDPH# HPLVVLRQV/
VWUDWRVSKHULF# R]RQH/# DQG# 890E# UDGLDWLRQ
PHWKRGRORJLHV#XVHG#IRU#VHFWLRQV#937#DQG#939>#WKH
TXDQWLILHG# EHQHILWV# RI# VHFWLRQ# 93;/# KRZHYHU/
FRPSULVH#RQO\#EHQHILWV#IURP#UHGXFHG#LQFLGHQFHV#RI
VNLQ#FDQFHU#PRUELGLW\#DQG#PRUWDOLW\1#)RU#VHFWLRQ#93<
WKH#EHQHILWV#HVWLPDWH#LV#VLPSO\#D#SHUFHQWDJH#RI#WKH
EHQHILWV#RI# VHFWLRQ# 937># LQ# IDFW/#ZH# DYRLG#GRXEOH
FRXQWLQJ# E\# RPLWWLQJ# 93<# EHQHILWV# IURP# WKH
FDOFXODWLRQ#RI#WKH#WRWDO#7LWOH#9,#EHQHILWV#HVWLPDWH1
)RU#VHFWLRQ#944#ZH#FDOFXODWH#WKH#EHQHILWV#HVWLPDWH
ZLWK#D#EHQHILW#SHU#NLORJUDP#UDWLR#REWDLQHG#IURP#GDWD
LQ#WKH#5HJXODWRU\#,PSDFW#$QDO\VLV=#&RPSOLDQFH#ZLWK#6HFWLRQ
937# RI# WKH# &OHDQ#$LU#$FW# IRU# WKH# 3KDVHRXW# RI#2]RQH
'HSOHWLQJ#&KHPLFDOV#+4<<5,1#:H#DSSO\#WKLV#UDWLR#WR#WKH
HPLVVLRQV#UHGXFWLRQ#FDXVHG#E\#ILUPV#WKDW#DFFHOHUDWH
WKH#XVH#RI#0&)#VXEVWLWXWHV#WR#DYRLG#ODEHOLQJ1#

7KH#XQTXDQWLILHG#EHQHILWV#HVWLPDWHV#RI#VHFWLRQV
93;/#93</#DQG#944#DUH#WKH#VDPH#DV#WKH#XQTXDQWLILHG
EHQHILWV# RI# VHFWLRQV# 937# DQG# 939/# ZLWK# RQH
H[FHSWLRQ1##7KH#DQDO\VLV#RI#VHFWLRQ#944#LQFOXGHV#WZR
DGGLWLRQDO# EHQHILWV=# DQ# LQFUHDVH# LQ# DYDLODEOH
LQIRUPDWLRQ#UHJDUGLQJ#R]RQH0GHSOHWLQJ#VXEVWDQFHV
DQG#HQKDQFHG#LPSOHPHQWDWLRQ#DQG#HQIRUFHPHQW#RI
(3$*V# UHIULJHUDQW# UHF\FOLQJ#SURJUDP1# #4XDQWLILHG

#,&)#,QFRUSRUDWHG*V##5HJXODWRU\#,PSDFW#$QDO\VLV=##&RPSOLDQFH76

ZLWK# 6HFWLRQ# 937# RI# WKH#&OHDQ#$LU#$FW# IRU# WKH#3KDVHRXW# RI#2]RQH0
'HSOHWLQJ#&KHPLFDOV#+4<<5,#GRHV#QRW#SUHVHQW#WKH#LQIRUPDWLRQ#RQ
WKH# VWXGLHV# OLQNLQJ# WURSRVSKHULF# R]RQH#ZLWK# SXOPRQDU\# DQG
UHVSLUDWRU\#HIIHFWV1#

#(QJOHV/#$1/#01/1#-RKQVRQ/#DQG#61#+D\QHV/%+HDOWK#(IIHFWV77

RI#6XQOLJKW#([SRVXUH# LQ# WKH#8QLWHG#6WDWHV=#5HVXOWV# IURP# WKH
)LUVW#1DWLRQDO#+HDOWK#DQG#1XWULWLRQ#([DPLQDWLRQ#6XUYH\/#4<:40
4<:7/%#$UFKLYHV#RI#'HUPDWRORJ\/#9RO1#7/#-DQXDU\#4<;;/#SDJHV#:50:<1

#3HUQD/#-1-1/#01/1#0DQQL[/#-1(1#5RRQH\/#$1/1#1RWNLQV/#DQG78

61(1# 6WUDXV/# %5HDFWLYDWLRQ# RI# /DWHQW# +HUSHV# 6LPSOH[# 9LUXV
,QIHFWLRQV#E\#8OWUDYLROHW#/LJKW=#$#+XPDQ#0RGHO/%#-RXUQDO#RI#WKH
$PHULFDQ#$FDGHP\#RI#'HUPDWRORJ\/#4:/#4<;:/##SDJHV#7:607:;1

# &KXQJ/#+171/#'1&1# /HH/# 61<1# ,P/# DQG# 51$1#'D\QHV/79

%8950([SRVHG#$QLPDOV#([KLELW#DQG#(QKDQFHG#6XVFHSWLELOLW\
WR# %DFWHULDO# DQG# )XQJDO# ,QIHFWLRQV/%# -RXUQDO# RI# ,QYHVWLJDWLYH
'HUPDWRORJ\/#9RO1#<3/#1R1#7/#$SULO#4<;;/#SDJH#85>#'HQNLQV/#<1/
,1-1/# )LGOHU/# DQG#.ULSNH/#01/1/# %([SRVXUH# RI#0LFH# WR#890%
5DGLDWLRQ# 6XSSUHVVHV# 'HOD\HG# +\SHUVHQVLWLYLW\# WR# &DQGLGD
DOELFDQV/%#3KRWRELRORJ\#DQG#3KRWRFKHPLVWU\/#4<;<>#*LDQQLQL/#61+1/#DQG
(1&1# 'H)DER/# %$EURJDWLRQ# RI# 6NLQ# /HVLRQV# LQ# &XWDQHRXV
/HLVKPDQLDVLV#E\#8OWUDYLROHW##%#,UUDGLDWLRQ/%#/HLVKPDQLDVLV=#7KH
)LUVW#&HQWHQDU\#+4;;804<;8,#1HZ#6WUDWHJLHV#IRU#&RQWURO/#+HDUW/#'171 9DOHULH/# .1/# $1# 'HOHUV/# &1# %UXFN/# &1# 7KLULDUW/# +1
+HG1,/#1$72#$6,#6HULHV#$=#/LIH#6FLHQFHV# /#/RQGRQ/#3OHQXP 5RVHQEHUJ/#&1#'HERXFN/# DQG#01#5RVHQEHUJ/# # %$FWLYDWLRQ#RI
3XE1/#&RV1># #7D\ORU/#'1:1# DQG#'1$1#(DJOHV/# %$VVHVVLQJ# WKH +XPDQ#,PPXQRGHILFLHQF\#9LUXV#7\SH#4#E\#'1$#'DPDJH#LQ
(IIHFWV# RI# 8OWUDYLROHW# 5DGLDWLRQ# RQ# 0DODULDO# ,PPXQLW\/% +XPDQ#&HOOV/%#1DWXUH/#9RO1#666/#0D\#8/#4<;;/#SDJHV#:;0;41
3UHSDUHG# IRU# 6DERWND# DQG# &RPSDQ\# XQGHU# (3$# FRQWUDFW
QXPEHU#9;0340:5;;/#VXEFRQWUDFW#QXPEHU#4651<471 #,ELG/#,&)#+4<<5,/#90591#

7:

7;



The Benefits and Costs of the Clean Air Act, 1990 to 2010

G-20

DQG# XQTXDQWLILHG# EHQHILWV# RI# 93;# DQG# 944# DUH
VXPPDUL]HG#LQ#7DEOH#*08#DQG#*09#UHVSHFWLYHO\1#

Table G-5
Benefits of Section 608

Quantified Health Effects

Skin cancer: fatal and nonfatal

Health Effects- Unquantified

Skin cancer: reduced pain and suffering

Cataracts: reduced morbidity, pain and suffering

Reduced morbidity effects of increased UV.  For example,
& reduced actinic keratosis  (pre-cancerous lesions resulting from excessive sun exposure)
& reduced immune system suppression.

Ecological Effects- Unquantified

Ecological effects of UV. For example, benefits relating to  the following:
&  recreational fishing
&  forests
&  overall marine ecosystem
& avoided sea level rise - which, in turn, leads to: 

decreased beach erosion
decreased loss of coastal wetlands
decreases in the salinity of estuaries and aquifers

& other crops
& other plant species

Other ecological benefits of reduced tropospheric ozone relating to
& the overall marine ecosystem
& forests
& man-made materials  (e.g., degradation of elastomers, textile fibers and dyes, certain paints)
& other crops
& other plant species

Benefits to people and the environment outside the U.S.

Effects, both ecological and human health, associated with global warming.
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Table G-6
Benefits of Section 611

Health Effects - Quantified 

Skin cancer: fatal and nonfatal  

Cataracts: reduced morbidity, pain and suffering 

Ecological Effects - Quantified 

Crops: reduced damage associated with increased UV radiation

Crops: reduced damage associated with increased tropospheric ozone

Polymers: reduced degradation from UV-b radiation

Health Effects- Unquantified

Skin cancer: reduced pain and suffering

Reduced morbidity effects of increased UV.  For example,
& reduced actinic keratosis  (pre-cancerous lesions resulting from excessive sun exposure)
& reduced immune system suppression

Ecological Effects- Unquantified

Ecological effects of UV. For example, benefits relating to the following:
& recreational fishing
& forests
& overall marine ecosystem
& avoided sea level rise - which, in turn, leads to:

decreased beach erosion
decreased loss of coastal wetlands
decreases in the salinity of estuaries and aquifers

& crops in general
& other plant species
& fish harvests

Ecological benefits of reduced tropospheric ozone relating to
& the overall marine ecosystem
& forests
& man-made materials (e.g., degradation of elastomers, textile fibers and dyes, certain paints)
& crops in general
& other plant species
& fish harvests

Benefits to people and the environment outside the U.S.

Enhanced implementation and enforcement of EPA's refrigerant recycling program

Increase in available information regarding ozone-depleting substances (ODSs); consumers who wish to
buy products that do not contain ODSs will be better able to express their preferences through their
purchasing power.

Effects, both ecological and human health, associated with global warming.
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Valuation

7R#FDOFXODWH#PRQHWDU\#YDOXHV#RI# WKH#TXDQWLILHG
EHQHILWV/#ZH#PXOWLSO\#WKH#SK\VLFDO#HIIHFWV#HVWLPDWHV
E\# WKH#DSSURSULDWH#SK\VLFDO#HIIHFWV#YDOXH1#)RU# WKH
KHDOWK#EHQHILWV/#ZH#XVH#'48/333#IRU#WKH#DYRLGHG#FRVW
RI# FDWDUDFWV/# '48/333# IRU# WKH# DYRLGHG# # FRVW# RI
PHODQRPD#VNLQ#FDQFHU/#DQG#'8/333#IRU#WKH#DYRLGHG
FRVW#RI#QRQPHODQRPD#VNLQ#FDQFHU1 #7KLV#DQDO\VLV7<

HPSOR\V# D# YDOXH#RI# VWDWLVWLFDO# OLIH#RI# '71;#PLOOLRQ
+4<<3#GROODUV,/#ZKLFK#LV#WKH#YDOXH#XVHG#WR#FDOFXODWH
WKH# FULWHULD# SROOXWDQW# PRUWDOLW\# EHQHILWV# HVWLPDWH
SUHVHQWHG#LQ#&KDSWHU#9/#7DEOH#9061##7R#FDOFXODWH#WKH
PRQHWDU\# EHQHILWV# RI# LQFUHDVHG# FURS# \LHOGV/# WKH
PRGHO#PXOWLSOLHV#WKH#FKDQJH#LQ#FURS#\LHOGV#E\#FURS
YDOXHV# IURP# WKH#'HSDUWPHQW#RI#$JULFXOWXUH1 #7R83

FDOFXODWH#WKH#PRQHWDU\#EHQHILWV#UHODWHG#WR#ILVK/#ZH
DSSO\#':6<#SHU#WRQ#+4<<3#GROODUV,#WR#WKH#LQFUHDVH#LQ
ILVK#KDUYHVWV1 ##:H#GHILQH#WKH#SRO\PHU#EHQHILWV#DV84

WKH# DYRLGHG# ORVV# LQ# FRQVXPHU# VXUSOXV# DVVRFLDWHG
ZLWK#LQFUHDVHG#SRO\PHU#SULFHV1##:H#DVVXPH#WKDW#WKH
FRVW# LV# SURSRUWLRQDO# WR# WKH# LQFUHDVH# LQ# SULFH

IROORZLQJ# WKH# DGGLWLRQ#RI# VWDELOL]HUV# DQG# WKDW# WKH
SULFH#RI#SRO\PHU# VWDELOL]HUV#ZLOO# LQFUHDVH#E\# 41;9
SHUFHQW#IRU#HDFK#58#SHUFHQW#LQFUHDVH#LQ#VWDELOL]HU185

:LWK#D#WZR#SHUFHQW#GLVFRXQW#UDWH/#WKH#EHQHILWV#RI
VHFWLRQV#93;/#93</#DQG#944#DUH#'9:4#PLOOLRQ/#'5<9
PLOOLRQ/# DQG# ';64# PLOOLRQ# +4<<3# GROODUV,/
UHVSHFWLYHO\1#:H#GR#QRW#VHSDUDWH#WKHVH#YDOXHV#LQWR
WKHLU# FRPSRQHQWV1# # 7KH# WRWDO# PRQHWL]HG# KHDOWK
EHQHILWV#IRU#VHFWLRQ#937#DQG#939#ZLWK#D#WZR#SHUFHQW
GLVFRXQW# UDWH# DUH# '715# WULOOLRQ# DQG# WKH# WRWDO
PRQHWL]HG#HFRORJLFDO#EHQHILWV#DUH#'<518#ELOOLRQ>#WKXV/
WKH#WRWDO#EHQHILWV#RI#VHFWLRQV#937#DQG#939#DUH#DERXW
'716#WULOOLRQ1#7DEOH#*0:#LV#D#WDEXODU#VXPPDU\#RI#WKH
PRQHWDU\#YDOXHV#RI#WKH#EHQHILWV#IURP#VHFWLRQV#937
DQG# 939/#ZKLFK#JHQHUDWH#DERXW# <;#SHUFHQW#RI# WKH
PRQHWL]HG#EHQHILWV1 #86

# :DVVRQ/# -RKQ# DQG# 6WHYH# $EVHFN/# %0HPRUDQGXP=7<

)XUWKHU#'HWDLO#RQ#WKH#&RVWV#DQG#%HQHILWV#RI#3KDVLQJ#2XW#2]RQH
'HSOHWLQJ#6XEVWDQFHV/#(3$#&RQWUDFW#1R1# 9;0'703436/#:$0
538/%# 3UHSDUHG# IRU# -LP# 'H0RFNHU/# 8161# (QYLURQPHQWDO
3URWHFWLRQ#$JHQF\/#2FWREHU#</#4<<81

#7KH#5,$V#GR#QRW#SURYLGH#WKH#VSHFLILF#FURS#YDOXHV#XVHG183

#7KH#8161#'HSDUWPHQW#RI#&RPPHUFH#SURYLGHV#WKH#ILVK HVWLPDWHV#LQ#7DEOH#*0:1##%HFDXVH#WKHVH#HVWLPDWHV#FRPH#IURP#D84

YDOXHV1#+,ELG/#,&)#+4<<5,/##905<1, 4<;;#5,$/#ZH#DUH#WKXV#XQGHUHVWLPDWLQJ#WKH#PRQHWL]HG#EHQHILWV

#,ELG/#,&)#+4<<5,/#9074185

#7KH#GROODU#\HDU#ZDV#QRW#DYDLODEOH#IRU#VRPH#FRVW#RI#LOOQHVV86

RI#WKH#KHDOWK#HIIHFWV#DVVRFLDWHG#ZLWK#WKHVH#XQDGMXVWHG#YDOXHV1
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Table G-7
Sections 604 and 606: Valuation of Total Benefits from 1990 to 2165, With a Two Percent Discount Rate

Quantified Effects Valuation Source Data
(1990 dollars)

Health Effects

Mortalities from skin cancer (melanoma and $3,900 billion Value of statistical life: $4.8 million (1990 dollars). (See Appendix H for a description of
nonmelanoma) in the U.S. (1990-2165) source data.)

Cataract cases in the U.S. (1990-2165) $72 billion Avoided cost of cataracts: $15,000 (dollar year not provided) Costs include increased
medical costs, increased work loss, increased costs for chores, other indirect social and
economic costs, and willingness to pay to avoid cataracts. Data from literature review,
contacts with health providers, and cataract patient survey. (Source: Rowe et al. 1987) 

Nonfatal skin cancer cases (melanoma and $220 billion Cost of melanoma skin cancer: $15,000 per case (dollar year not provided); costs of
nonmelanoma) in the U.S. (1990-2165) nonmelanoma skin cancer: $5,000 per case (dollar year not provided). Estimates include

increased medical costs and decreased productivity but do not include costs of caregiving
and chores performed by others. Data from Skin Cancer Focus Group. (See ICF's August
1988 RIA for details.)

Total Health Benefits $4,200 billion

Ecological Effects

& Decrease in American crop harvests from UV-b $49 billion Crop values from Department of Agriculture.   
radiation by 2075

& Decrease in American crops from tropospheric $28 billion Crop values from Department of Agriculture. 
ozone by 2075

& Damage to polymers from UV-b radiation by 2075 $6 billion Costs are proportional to the increase in polymer prices following the addition of
stabilizers. Price increase of 1.86% expected for a 25% increase in stabilizer. 

Total Environmental Benefits $84 billion

Total Benefits $4,300 billion

Note :  1) The RIAs do not provide specific crop values 
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Adjustments  to Estimates From
Existing Analyses

7R# HQVXUH# FRQVLVWHQF\# ZLWK# DVVXPSWLRQV# LQ
RWKHU# SRUWLRQV# RI# WKH# FXUUHQW# VWXG\/# ZH# DGMXVW
FHUWDLQ#SDUDPHWHUV#XVHG#LQ#H[LVWLQJ#UHJXODWRU\#LPSDFW
DVVHVVPHQWV#RI#7LWOH#9,#SURYLVLRQV1##:H#YDU\#VHYHUDO
SDUDPHWHUV#DQG#FRPSDUH#WKH#UHVXOWLQJ#QHW#SUHVHQW
YDOXHV#RI#7LWOH#9,*V#FRVWV#DQG#EHQHILWV1#7KH#7LWOH#9,
DQDO\VLV# JHQHUDWHV#QHW#SUHVHQW# YDOXHV/# UDWKHU# WKDQ
DQQXDOL]HG#YDOXHV/#EHFDXVH#DQQXDOL]DWLRQ#LQFRUUHFWO\
LPSXWHV#EHQHILWV#RI#ODWHU#SKDVHRXWV#WR#HDUOLHU#\HDUV1
)RU# H[DPSOH/# DQQXDOL]DWLRQ# RI# WKH# EHQHILWV# RI
SKDVLQJ#RXW#+&)&055#E\#5353#DWWULEXWHV#EHQHILWV#WR
\HDUV#SULRU#WR#5363/#ZKHQ#QHLWKHU#WKH#FRVWV#QRU#WKH
EHQHILWV# RI# WKDW# SKDVHRXW# KDYH# \HW# RFFXUUHG1
&RQVHTXHQWO\/# WKH# DQQXDOL]HG# HVWLPDWH# RYHUVWDWHV
EHQHILWV# DW# WKH# EHJLQQLQJ# RI# WKH# WLPH# VSDQ# DQG
XQGHUVWDWHV#WKHP#ODWHU1#

7DEOH#*0;#GHVFULEHV#WKH#YDOXHV#ZH#XVH#IRU#WKH
IROORZLQJ#SDUDPHWHUV=# #GLVFRXQW#UDWH#DQG#YDOXH#RI
VWDWLVWLFDO#OLIH1##:H#DUH#DEOH#WR#DGMXVW#NH\#SDUDPHWHUV
LQ#WKH#EHQHILWV##DQDO\VHV#RI#VHFWLRQV#937/#939/#DQG
93<#DQG#WKH#FRVW#DQDO\VHV#RI#VHFWLRQV#937#DQG#9391
:H# FDQQRW# DGMXVW# SDUDPHWHUV# IRU# RWKHU# VHFWLRQV/
KRZHYHU/#EHFDXVH#ZH#ODFN#DQQXDO#FRVW#DQG#EHQHILW
GDWD#IURP#WKHVH#VHFWLRQV1 ##0RUHRYHU/#IRU#VHFWLRQ87

937# DQG# WKH# DFFHOHUDWHG# SKDVHRXW# VFKHGXOH# RI
VHFWLRQ#939/#ZH#DUH#XQDEOH#WR#PRGLI\#WKH#SDUDPHWHUV
IRU#WKH#DQDO\VLV#RI#HFRORJLFDO#EHQHILWV1##1HYHUWKHOHVV/
WKH#EHQHILWV#IURP#VHFWLRQV#937#DQG#939#FRQVWLWXWH
WKH#PDMRULW\#RI#7LWOH#9,#EHQHILWV##+DSSUR[LPDWHO\#<;
SHUFHQW# DW# D# WZR#SHUFHQW#GLVFRXQW# UDWH,# DQG#RQO\
DERXW#RQH#SHUFHQW#RI#WKH#EHQHILWV#RI#WKHVH#VHFWLRQV
UHVXOW#IURP#HFRORJLFDO#EHQHILWV1#,Q#DGGLWLRQ/#VHFWLRQV
937#DQG#939#DFFRXQW#IRU#DERXW#<:#SHUFHQW#RI#WKH
FRVWV#+DW#D#WZR#SHUFHQW#GLVFRXQW#UDWH,1

Discount Rate

%HFDXVH#WKH#EHQHILWV#RFFXU#RYHU#VHYHUDO#KXQGUHG
\HDUV/# WKH# FKRVHQ# GLVFRXQW# UDWH# FDQ# KDYH# DQ
HVSHFLDOO\#ODUJH#HIIHFW#RQ#WKH#EHQHILWV#HVWLPDWH1##,Q
WKLV#DQDO\VLV#ZH#XVH#D#ILYH#SHUFHQW#GLVFRXQW#UDWH#IRU
RXU#SULPDU\#HVWLPDWH1# #7KLV# LV#FRQVLVWHQW#ZLWK#WKH
UHWURVSHFWLYH#DQDO\VLV#RI#WKH#&OHDQ#$LU#$FW#DQG#WKH
RWKHU#DQDO\VHV#FRQGXFWHG# IRU# WKH#SUHVHQW# VWXG\188
:H# DOVR# SUHIRUP# VHQVLWLYLW\# WHVWV# XVLQJ# GLVFRXQW
UDWHV#RI#WKUHH#SHUFHQW#DQG#VHYHQ#SHUFHQW1##)LQDOO\/
IRU#FRQVLVWHQF\#ZLWK#FRVW#DQG#EHQHILW#HVWLPDWHV#WKDW
ZH# FDQQRW# DGMXVW/#ZH# FDOFXODWH# DJJUHJDWH#EHQHILWV
DQG#FRVWV#XVLQJ#D#GLVFRXQW#UDWH#RI#WZR#SHUFHQW1#
#

#:H#FDOFXODWH#WKH#EHQHILWV#RI#VHFWLRQ#93<#DV#D#SHUFHQWDJH87

RI#WKH#EHQHILWV#RI#VHFWLRQ#937/#VR#ZH#GR#QRW#QHHG#DQQXDO#GDWD#IRU #8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\/#7KH#%HQHILWV#DQG
VHFWLRQ#93<1 &RVWV#RI#WKH#&OHDQ#$LU#$FW/#4<:3#WR#4<<3/#2FWREHU#4<<:1

88
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Table G-8
Adjustments to Key Parameters of Existing Analyses That Support the 812 Title VI Estimates

Parameter Assumption for Adjustments to Title VI Analyses
Section 812
Prospective Sections 604 and  Section 608 Section 609 Section 611

606

Discount Rate Central Case: 5% Used Section 812 2% (No 2% (No 2% (No
(Used for Sensitivity tests: parameters, plus adjustment adjustment adjustment
Costs and 3% and 7% 2%. possible.) possible for possible.)
Benefits) costs.)

Value of Distribution of Used Section 812 $3 to $12 million Used Section $3 to $12 million
Statistical Life values from $0.6 parameters. 812
(Benefits million to $13.5 parameters.
Only) million with

expected value of
$4.8 million

Value of Statistical Life ""

7KH#YDOXH#RI#VWDWLVWLFDO#OLIH#+96/,#LV#HVVHQWLDO#IRU
PHDVXULQJ#WKH#PRQHWL]HG#EHQHILWV#DVVRFLDWHG#ZLWK#D
UHGXFHG#QXPEHU#RI#VNLQ#FDQFHU#PRUWDOLW\#FDVHV1##:H
XVH#D#'71;#PLOOLRQ#FHQWUDO#HVWLPDWH#RI#96//#EDVHG#RQ
DQDO\VLV#GHVFULEHG# LQ#$SSHQGL[#+1# #7R#UHIOHFW#WKH
XQFHUWDLQW\# RI# WKH# 96/# HVWLPDWHV/# ZH# HPSOR\# D
0RQWH#&DUOR#DSSURDFK#XVLQJ#D#:HLEXOO#GLVWULEXWLRQ
RI#96/#HVWLPDWHV#DV#DQ# LQSXW1#7KLV#GLVWULEXWLRQ# LV
WKH# VDPH# DV# WKDW# XVHG# LQ# WKH# DQDO\VLV# RI# FULWHULD
SROOXWDQWV189

Cost and Benefit Results 
With Adjusted Parameters

%RWK#FRVW#DQG#EHQHILW#HVWLPDWHV#DUH#VHQVLWLYH#WR
WKH# GLVFRXQW# UDWH1# # $V# PHQWLRQHG# HDUOLHU/# WKH
GLVFRXQW#UDWH#KDV#D#SDUWLFXODUO\#VLJQLILFDQW#HIIHFW#RQ
WKH# EHQHILWV# HVWLPDWH# EHFDXVH# WKH# EHQHILWV# RFFXU
RYHU#VHYHUDO#KXQGUHG#\HDUV#+4<<3#WR#5498,1#7KHVH
EHQHILWV#UHVXOW#IURP#DFWLRQV#WDNHQ#WR#UHGXFH#R]RQH0
GHSOHWLQJ#FKHPLFDO#HPLVVLRQV# IURP# 4<<3# WR# 53:8/
WKH#WLPH#SHULRG#RYHU#ZKLFK#FRVWD#DUH#LQFXUUHG1##,Q
WKLV#VHFWLRQ#ZH#ILUVW#SUHVHQW#WKH#QHW#SUHVHQW#YDOXH#RI
WKH#FRVWV#DQG#EHQHILWV#XVLQJ#WKH#FHQWUDO#GLVFRXQW#UDWH
RI#ILYH#SHUFHQW1#:H#WKHQ#GLVFXVV#WKH#UHVXOWV#RI#WKH
VHQVLWLYLW\# WHVWV#XVLQJ#GLVFRXQW# UDWHV#RI# WKUHH#DQG
VHYHQ#SHUFHQW1#/DVWO\/#ZH#VKRZ#WKH#UHVXOWV#XVLQJ#D
WZR#SHUFHQW#GLVFRXQW#UDWH/#ZKLFK#LV#FRQVLVWHQW#ZLWK
WKH#GLVFRXQW#UDWHV#XVHG#LQ#H[LVWLQJ#5,$V#DQG#ZKLFK
DOORZV#XV#WR#FRPSDUH#WKH#FRVWV#DQG#EHQHILWV#RI#DOO
WKH#PDMRU#VHFWLRQV#RI#7LWOH#9,/#LQFOXGLQJ#SURYLVLRQV
ZKHUH#GLVFRXQW#UDWH#DGMXVWPHQWV#DUH#QRW#SRVVLEOH1

7KH#DGMXVWHG#SULPDU\#EHQHILW#HVWLPDWH#+XVLQJ#D
ILYH# SHUFHQW# GLVFRXQW# UDWH,# IRU# 7LWOH# 9,# LV# '863
ELOOLRQ# DQG# WKH# FRVW# HVWLPDWH# LV# '63# ELOOLRQ1#7KH
EHQHILWV# UDQJH# IURP# '573# ELOOLRQ# ZLWK# D# VHYHQ
SHUFHQW#GLVFRXQW#UDWH#DQG#'4/<33#ELOOLRQ#ZLWK#D#WKUHH
SHUFHQW#GLVFRXQW# UDWH1#7KH# FRVWV# UDQJH# IURP# '53

#7KH#:HLEXOO#GLVWULEXWLRQ#KDV#WKH#IROORZLQJ#SDUDPHWHUV=89

D# ORFDWLRQ# RI# '313/# D# VFDOH# RI# '8165#PLOOLRQ/# DQG# D# VKDSH# RI
4183<8;;1
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ELOOLRQ# WR# '73# ELOOLRQ/# ZLWK# WKH# VDPH# UHVSHFWLYH
GLVFRXQW# UDWHV1# 7KH# EHQHILWV# RI# 7LWOH# 9,# JUHDWO\
H[FHHG#WKH#FRVWV#IRU#DOO#GLVFRXQW#UDWH#DVVXPSWLRQV>
LQ#IDFW/#WKH#EHQHILWV#DUH#DERXW#53#WLPHV#JUHDWHU#WKDQ
WKH#FRVWV#DW#D#ILYH#SHUFHQW#GLVFRXQW#UDWH1 #+6HH#7DEOH8:

*0<,# # (YHQ# WKH# VHYHQ# SHUFHQW# GLVFRXQW# UDWH
VHQVLWLYLW\#WHVW#\LHOGV#WRWDO#EHQHILWV#WKDW#DUH#45#WLPHV
JUHDWHU#WKDQ#WKH#FRVWV1#

Five Percent Discount Rate

:LWK#D#ILYH#SHUFHQW#GLVFRXQW#UDWH/#WKH#H[SHFWHG
KXPDQ#KHDOWK#EHQHILWV#IURP#VHFWLRQV#937#DQG#939
DUH#DSSUR[LPDWHO\#'733#ELOOLRQ1#7DEOH#*043#VKRZV
WKH# UHVXOWV# RI# WKH# VWDWLVWLFDO# VLPXODWLRQ#PRGHOLQJ
DQDO\VLV>#WKH#8WK#DQG#<8WK#SHUFHQWLOH#YDOXHV#DUH#'433
ELOOLRQ# WR# '<33# ELOOLRQ/# UHVSHFWLYHO\1# #7KH# DQQXDO
KXPDQ#KHDOWK#EHQHILWV#IURP#VHFWLRQV#937#DQG#939/
FDOFXODWHG#ZLWK#D#ILYH#SHUFHQW#GLVFRXQW#UDWH/#VWHDGLO\
LQFUHDVH#XQWLO#DERXW#5378>#WKH\#WKHQ#GHFUHDVH#XQWLO
5498/#WKH#ODVW#\HDU#LQ#WKH#DQDO\VLV1##+6HH#)LJXUH#*051,
$ERXW#<6#SHUFHQW#RI#WKH#EHQHILWV#RFFXU#IURP#5348
WR#54981

7KH#FRVWV#RI#VHFWLRQV#937#DQG#939#RI#7LWOH#9,
DUH# DSSUR[LPDWHO\# '59# ELOOLRQ># WKHVH# VHFWLRQV
JHQHUDWH#DSSUR[LPDWHO\#<:#SHUFHQW#RI#WKH#FRVWV1#7KH
KXPDQ#KHDOWK#EHQHILWV#IRU#VHFWLRQV#937#DQG#939#DUH
DOPRVW# 4:# WLPHV# JUHDWHU# WKDQ# WKH# FRVWV# RI# WKHVH
VHFWLRQV1

#1RWH# WKDW#ZH#GR#QRW# LQFOXGH# WKH#FRVWV#RI# WKH#PHWK\O8:

EURPLGH#SKDVHRXW#RI#VHFWLRQ#939#EHFDXVH#H[LVWLQJ#5,$V#GR#QRW
SURYLGH# EHQHILWV# HVWLPDWHV# IRU# WKLV# SKDVHRXW1# 7KH# FRVWV/
FDOFXODWHG#ZLWK# D# WKUHH#SHUFHQW#GLVFRXQW# UDWH/# DUH# DERXW# '41:
ELOOLRQ1
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Table G-9
Costs and Benefits of Sections 604 and 606 1

Discount Benefits (Trillions) Costs (Trillions) Benefits/Cost Ratio
Rate 1990 Dollars 1990 Dollars

2% $4.24 $0.06 76

3% $1.81 $0.04 44

5% $0.44 $0.03 17

7% $0.14 $0.02 8

Notes:
1. The cost and benefits estimates associated with a two percent discount rate are the estimates for sections 604,

606, 608, 609, and 611. For the other discount rates the estimates represent  the costs and the human health
benefits for sections 604 and 606.  These two sections generate the majority of the Title VI costs and benefits
(approximately 98 percent of the benefits and 97 percent of the costs in the two percent discount rate
calculations).

2. We do not include the costs of the methyl bromide phaseout of section 606 because existing RIAs do not
provide benefit estimates for this phaseout.

3. In general, the costs occur from 1990 to 2075, while the benefits occur from 1990 to 2165. (Tables G-11 and G-
12 provide the specific time frame for each section of Title VI.) 

Three Percent and Seven Percent
Sensitivity Tests

7KH# H[SHFWHG# KXPDQ# KHDOWK# EHQHILWV# IURP
VHFWLRQV# 937# DQG# 939# DUH# DSSUR[LPDWHO\# '4/;33
ELOOLRQ# DW# D# WKUHH#SHUFHQW#GLVFRXQW# UDWH# DQG# '433
ELOOLRQ#DW#D#VHYHQ#SHUFHQW#GLVFRXQW#UDWH1#:LWK#D#WKUHH
SHUFHQW#GLVFRXQW#UDWH/#WKH#UDQJH#RI#H[SHFWHG#KXPDQ
KHDOWK#EHQHILWV#LV#'433#ELOOLRQ#WR#':/;33#ELOOLRQ/#ZLWK
<3#SHUFHQW#RI#WKHVH#H[SHFWHG#EHQHILWV#EHWZHHQ#'733
ELOOLRQ#DQG#'7/333#ELOOLRQ1##%\#FRQWUDVW/#DW#D#VHYHQ
SHUFHQW#GLVFRXQW#UDWH#WKH#UDQJH#RI#H[SHFWHG#KXPDQ
KHDOWK#EHQHILWV#LV#'47#ELOOLRQ#WR#':33#ELOOLRQ/#ZLWK#<3
SHUFHQW# RI# WKH# H[SHFWHG# KXPDQ# KHDOWK# EHQHILWV
EHWZHHQ#'66#ELOOLRQ#DQG#'633#ELOOLRQ1

7KH#DQQXDO#EHQHILWV#IURP#VHFWLRQV#937#DQG#939/
FDOFXODWHG#ZLWK#D#WKUHH#SHUFHQW#GLVFRXQW#UDWH/#VWHDGLO\
LQFUHDVH# XQWLO# DERXW# 5395># WKH\# WKHQ# GHFUHDVH# WLOO
5498/#WKH#ODVW#\HDU#LQ#WKH#DQDO\VLV1#$ERXW#<<#SHUFHQW
RI#WKH#EHQHILWV#RFFXU#IURP#5348#WR#54981#$W#D#VHYHQ
SHUFHQW# GLVFRXQW# UDWH# WKH# DQQXDO# EHQHILWV# IURP
VHFWLRQV#937#DQG#939#VWHDGLO\# LQFUHDVH#XQWLO#DERXW
536;#DQG#WKHQ#GHFUHDVH#WLOO#54981#$ERXW#<5#SHUFHQW
RI# WKH# EHQHILWV# FDOFXODWHG# ZLWK# D# VHYHQ# SHUFHQW
GLVFRXQW#UDWH#RFFXU#IURP#5348#WR#54981

7KH#FRVWV#RI#VHFWLRQV#937#DQG#939#RI#7LWOH#9,
DUH# DSSUR[LPDWHO\# '74# ELOOLRQ# DW# D# WKUHH# SHUFHQW
GLVFRXQW# UDWH# DQG# DSSUR[LPDWHO\# '4;# ELOOLRQ# DW# D
VHYHQ#SHUFHQW#GLVFRXQW#UDWH>#WKHVH#VHFWLRQV#DFFRXQW
IRU#DSSUR[LPDWHO\#<:#SHUFHQW#RI#WKH#WRWDO#FRVWV1#7KH
FRVWV#IRU#VHFWLRQV#937#DQG#939#DUH#DERXW#77#WLPHV
VPDOOHU# WKDQ# WKH#KXPDQ#KHDOWK#EHQHILWV# IRU# WKHVH
VHFWLRQV#DW#D#WKUHH#SHUFHQW#GLVFRXQW#UDWH#DQG#DERXW
;#WLPHV#VPDOOHU#DW#D#VHYHQ#SHUFHQW#GLVFRXQW#UDWH1
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Table G-10
Human Health Benefits for Sections 604 and 606

Billions of 1990 dollars

Range:  $40 to $2,600

Mean: $400

Median: $400

Standard Deviation: $300

Percentiles:

5% $100

50% $400

95% $900

Percent of Benefits from 1990 to 2014 3.64%

Percent of Benefits from 2015 to 2165 93.36%

Note: Estimates calculated with a five percent discount rate.



Figure G-2
Annual Human Health Benefits From Sections 604 and 606 (Discounted at 5%)
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Two Percent Discount Rate Undiscounted Benefits

8VLQJ#EHQHILWV#HVWLPDWHV#IURP#5,$V#IRU#VHFWLRQV
93;# DQG# 944# DQG# UH0FDOFXODWLQJ# WKH# EHQHILWV# RI
VHFWLRQV# 937/# 939/# DQG# 93<# ZLWK# D# WZR# SHUFHQW
GLVFRXQW#UDWH#DQG#D#96/#RI#'71;#PLOOLRQ#\LHOGV#D#WRWDO
EHQHILWV#HVWLPDWH#RI#'716#WULOOLRQ#+4<<3#GROODUV,#IRU
7LWOH#9,1 ##+6HH#7DEOH#*044,1#2I#WKLV#HVWLPDWH/#'7158;

WULOOLRQ#+<;#SHUFHQW,#UHVXOWV#IURP#WKH#KXPDQ#KHDOWK
EHQHILWV# RI# VHFWLRQV# 937# DQG# 9391# #7KH# UDQJH#RI
H[SHFWHG#EHQHILWV#IURP#KXPDQ#KHDOWK#LPSURYHPHQWV
LV#'316#WULOOLRQ#WR#'531;#WULOOLRQ/#ZLWK#<3#SHUFHQW#RI
WKH#H[SHFWHG#EHQHILWV#EHWZHHQ#'31<#WULOOLRQ#DQG#'<17
WULOOLRQ1#7KH# DQQXDO# KXPDQ# KHDOWK# EHQHILWV# IURP
VHFWLRQV#937#DQG#939/#FDOFXODWHG#ZLWK#D#WZR#SHUFHQW
GLVFRXQW# UDWH/# VWHDGLO\# LQFUHDVH# IURP# 4<<3# XQWLO
DERXW#53::>#WKH\#WKHQ#GHFUHDVH#WLOO#54981#$ERXW#<<
SHUFHQW#RI#WKH#EHQHILWV#RFFXU#IURP#5348#WR#54981

7R#HVWLPDWH# WKH#FRVWV#RI#7LWOH#9,#ZLWK#D# WZR
SHUFHQW#GLVFRXQW#UDWH/#ZH#XVH#WKH#HVWLPDWHV#IURP#WKH
5,$V#WKDW#DQDO\]H#VHFWLRQV#93;/#93</##DQG#944#DQG
ZH#UH0FDOFXODWH# WKH#FRVWV#RI#VHFWLRQV#937#DQG#939
XVLQJ#WKH#WZR#SHUFHQW#GLVFRXQW#UDWH1 ##7RWDO#SUHVHQW8<

YDOXH#7LWOH#9,#FRVWV#ZLWK#D#WZR#SHUFHQW#GLVFRXQW#UDWH
DUH#DSSUR[LPDWHO\#'8:#ELOOLRQ1#7KH#FRVW#HVWLPDWH#LV
DERXW#:9#WLPHV#VPDOOHU#WKDQ#WKH#FRPSDUDEOH#EHQHILWV
HVWLPDWH1##7DEOH#*045#OLVWV#WKH#FRVW#FRPSRQHQWV1

7KH#DQQXDO#XQGLVFRXQWHG#EHQHILWV#IURP#VHFWLRQV
937#DQG#939#VWHDGLO\#LQFUHDVH#XQWLO#DERXW#5443>#WKH\
WKHQ#GHFUHDVH#LQ#VWHSV#XQWLO#54981#7KH#VWHSV#DSSHDU
WR#EH#UHODWHG#WR#WKH#DSSOLFDWLRQ#RI#430\HDU#FRKRUW
VXUYLYDO# UDWHV# IRU# SHUVRQV# ERUQ# DIWHU# 53:81# # 6HH
)LJXUH#*06#IRU#D#JUDSKLFDO#GHSLFWLRQ#RI#WKH#DQQXDO
EHQHILWV1

#7KH#5,$V# IRU# VHFWLRQV# 93;# DQG# 944#SUHVHQW# D# ORZHU8;

ERXQG#EHQHILWV#HVWLPDWH#WKDW#LQFRUSRUDWHV#D#'6#PLOOLRQ#96/#DQG
DQ# XSSHU# ERXQG# EHQHILWV# HVWLPDWH# WKDW# LQFRUSRUDWHV# D# '45
PLOOLRQ#96/1#7R#REWDLQ#D#SRLQW#HVWLPDWH/#ZH#ZHLJKW#WKH#ORZHU
ERXQG#E\#;3#SHUFHQW#DQG#WKH#XSSHU#ERXQG#E\#53#SHUFHQW1#+7KH
EHQHILWV# RI# VHFWLRQ# 93;# GR#QRW# LQFOXGH# WKH#+&)&#SKDVHRXW
EHQHILWV#EHFDXVH# WKH#SKDVHRXW# LV# WRR#FRPSOH[# WR#PRGHO1,# #,Q
DGGLWLRQ/#QRWH#WKDW#WKH#EHQHILWV#RI#VHFWLRQ#93<#DUH#D#VXEVHW#RI#WKH
EHQHILWV# RI# VHFWLRQV# 937# DQG# 939/# VR#ZH# GR# QRW# DGG# WKHP
VHSDUDWHO\# WR# WKH#EHQHILWV#RI# WKH#RWKHU#VHFWLRQV# WR#REWDLQ# WKH
WRWDO#EHQHILWV1

#7KH#HVWLPDWH#IRU#VHFWLRQ#944#LV#DQ#DYHUDJH#RI#WKH#ORZHU8<

ERXQG/#ZKLFK# DVVXPHV# WKDW# RQO\# FRPSDQLHV# XVLQJ#2'6V# DV
VROYHQWV# ZLOO# ODEHO# SURGXFWV/# DQG# DQ# XSSHU# ERXQG/# ZKLFK
DVVXPHV#WKDW#43#WLPHV#DV#PDQ\#FRPSDQLHV#XVH#VROYHQW0FOHDQHG
SURGXFWV#DQG#ZLOO#QHHG#WR#ODEHO#WKHLU#SURGXFWV1#$OVR/#WKH#FRVWV
IRU#VHFWLRQ#93;#GR#QRW#LQFOXGH#WKH#FRVWV#RI#WKH#+&)&#SKDVHRXW1
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Table G-11
Summary of Benefits of Title VI with a Two Percent Discount Rate and $4.8 Million VSL

Section 1990 Dollars Notes Accrue

Benefits Years During
(Millions) Which Benefits

604 & 606 Class I Phaseout $4,338,000
- Reduced Mortality, Cataracts, and $4,243,000 1990 to 2165
  Non-Fatal Cancers

- Methyl Bromide Reductions No information currently available. 1994 to 2160

- Ecological Benefits $84,000 1989 to 2075

605 Class II Phaseout No information currently available.

608 National Recycling and $670 1) Only health effects are monetized. 1994 to 2165
Emission Reduction Program 2) The RIA for section 608 does not include benefits of HCFC phaseout 

because this phaseout is too complex and predicting baseline innovation
is too difficult. 

3) The benefits estimate listed is the weighted average of the benefits 
calculated with $3 million and $12 million for the VSL. (The $3

 million estimate has a weight of 0.8 and the $12 million estimate has a
weight of 0.2)

4) Benefits reflect the accelerated phaseout schedule.

609 Servicing of Motor Vehicle Air $300 The benefits of section 609 are a subset of the benefits of sections 604 and 1991 to 2075
Conditioners 606; we calculate section 609 benefits as 0.00682% of the benefits of 604

and 606 combined. (This percentage is the total benefits of 609 in 1989
dollars divided by the total 604 benefits in 1989 dollars.)

611 Labeling $830 1) The benefits do not reflect the accelerated phase-out schedule. 1989 to 2075
2) The benefits estimate listed is the weighted average of the benefits
 calculated with $3 million and $12 million for the value of a statistical

life. (The $3 million estimate has a weight of 0.8 and the $12 estimate
 has a weight of 0.2)

TOTAL $4,339,000

 Notes: 1) All benefits expressed in 1990 dollars using the implicit GDP deflator from the 1998 Economic Report of the President.
2) The benefits of section 611 and the ecological benefits of section 604 do not reflect the accelerated reduction and phaseout schedule of section 606.
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Table G-12
Summary of Costs for Title VI by Section with a Two Percent Discount Rate

Section 1990 Dollars) Notes Accrue

Cost During
Estimate Which
(Millions, Costs

Years

604 & Class I Phaseout $56,000 Does not include cost of methyl bromide reductions. 1990 to
606 2075

605 Class II Phaseout No information currently available.

608 National Recycling and $1,200 1) We convert costs from 1991 to 1990 dollars using the GDP deflator from the 1998 Economic 1994 to
Emission Reduction Report of the President. 2015
Program 2) The RIA for Sect. 608 does not include costs of HCFC phaseout.

3) At a 4% discount rate the costs are $1,074.38 million, and at a 7% discount rate the costs are
$853.91.

609 Servicing of Motor $14 1) We convert from 1991 to 1990 dollars using the GDP deflator from the 1998 Economic Report of 1992 to
Vehicle Air the President. 2008
Conditioners 2) To avoid counting the same costs for both section 604 and 609, we include only the operator

training and equipment certification costs of section 609 here. 

611 Labeling $250 1) The costs are probably in 1990 dollars, but this is unclear. 1994 to
2) Most costs are one-time costs. 2000
3) The cost estimate is an average of the lower bound, which assumes that only firms using ODSs

as solvents will label products, and an upper bound, which assumes that 10 times as many firms
will need to label their products because they incorporate solvent-cleaned products.

TOTAL $57,000

Notes: 1) The costs listed above for sections 604 & 606 do not include methyl bromide costs, which equal $1.7 billion with a 3% discount rate, because the RIA did not present the
corresponding benefits. 

2) The costs of sections 609 and 611 do not reflect the accelerated reduction and phaseout schedules of section 606.



Figure G-3
ANNUAL UNDISCOUNTED HUMAN HEALTH BENEFITS OF SECTIONS 604 AND 606
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Limitations And Uncertainties

$Q# DQDO\VLV# RI# SURJUDPV# WKDW# SURWHFW
VWUDWRVSKHULF#R]RQH#QHFHVVDULO\#FRQVLGHUV# LPSDFWV
RYHU#KXQGUHGV#RI#\HDUV/#LQWURGXFLQJ#D#ZLGH#UDQJH#RI
XQFHUWDLQW\#LQ#WKH#HVWLPDWHV#RI#FRVWV#DQG#EHQHILWV1#
7KHUH# DUH# FOHDUO\# OLPLWDWLRQV# DQG# XQFHUWDLQWLHV# LQ
SUHGLFWLQJ# WKH# DGYDQFHPHQW# RI# ERWK# PHGLFDO
WUHDWPHQW#DQG#2'6#VXEVWLWXWLRQ#WHFKQRORJLHV#RYHU
WLPH/#PRGHOLQJ#DYHUWLQJ#EHKDYLRU#RI#LQGLYLGXDOV#LQ
UHVSRQVH# WR# FKDQJHV# LQ# 890E# UDGLDWLRQ# OHYHOV/
DQWLFLSDWLQJ# WKH# UHVXOWV# RI# QHZ# LQIRUPDWLRQ# WKDW
PLJKW# DOWHU# WKH#PRGHOLQJ# RI# VWUDWRVSKHULF# R]RQH
GHSOHWLRQ#DQG#IRUPDWLRQ/#DQG#IRUHFDVWLQJ#HFRQRPLF
SDUDPHWHUV# VXFK# DV# WKH# JURZWK# LQ#*'3# DQG# WKH
YDOXDWLRQ#RI#KHDOWK#ULVN#UHGXFWLRQ1

:H# KDYH# QRW# DWWHPSWHG# WR# FKDUDFWHUL]H# WKH
LPSDFW# RI# DOO# WKH# XQFHUWDLQWLHV# DQG# OLPLWDWLRQV
LQKHUHQW#LQ#WKLV#W\SH#RI#DQDO\VLV1##)RU#PRUH#GHWDLO/#ZH
UHIHU# WKH# UHDGHU# WR# WKH# VRXUFH#PDWHULDO# LQ#(3$*V
5,$V#IRU#7LWOH#9,#SURYLVLRQV#DQG#WKH#GHVFULSWLRQV#RI
WKH# FRVW# DQG#EHQHILW#PRGHOLQJ# DSSURDFKHV# IRXQG
WKHUH1##$V#SDUW#RI#WKLV#DQDO\VLV/#KRZHYHU/#ZH#FRQGXFW
VHOHFWHG#TXDQWLWDWLYH#VHQVLWLYLW\#WHVWV#DQG#OLWHUDWXUH
UHYLHZV#WR#FKDUDFWHUL]H#VHYHUDO#PDMRU#XQFHUWDLQWLHV#LQ
WKH#FRVW#DQG#EHQHILWV#DQDO\VHV#SUHVHQWHG#KHUH1##7KH
GLVFXVVLRQ#WKDW#IROORZV#LQFOXGHV#FKDUDFWHUL]DWLRQ#RI
WKH# IROORZLQJ=# LVVXHV# LQ# ORQJ0WHUP# GLVFRXQWLQJ>
OLPLWDWLRQV#LQ#WKH#FRVW#PRGHOLQJ>#DQG#OLPLWDWLRQV#LQ 6TXLWLHUL/#DQG#-1(1#6WLJOLW]/#%,QWHUWHPSRUDO#(TXLW\/#'LVFRXQWLQJ/
WKH#EHQHILWV#PRGHOLQJ/# LQFOXGLQJ# WKH#PRGHOLQJ#RI
DYHUWLQJ#EHKDYLRU1##

Long-term Discounting

$V#GHPRQVWUDWHG#DERYH/#WKH#GLVFRXQW#UDWH#FDQ
KDYH#DQ#LPSRUWDQW#HIIHFW#RQ#WKH#HVWLPDWLRQ#RI#FRVWV
DQG#EHQHILWV#WKDW#DFFUXH#RYHU#D#ORQJ#SHULRG#RI#WLPH1
/RQJ0WHUP# GLVFRXQWLQJ# PD\# SUHVHQW# VSHFLDO
SUREOHPV# WKDW#DUH#ZRUWK#H[SORULQJ# LQ#VRPH#GHWDLO
WKURXJK#VHQVLWLYLW\#WHVWV#RI#DOWHUQDWLYH#GLVFRXQW#UDWH
DVVXPSWLRQV1# # )RU# H[DPSOH/# VRPH# HFRQRPLF
OLWHUDWXUH# VXJJHVWV# WKDW# DFFRXQWLQJ# IRU
LQWHUJHQHUDWLRQDO# WUDQVIHUV# LQ# D#PDQQHU# GLIIHUHQW
IURP# LQWUDJHQHUDWLRQDO# WUDQVIHUV# PD\# EH

DSSURSULDWH1 # #2QH#SRVVLEOH#UDWLRQDOH#IRU#WUHDWLQJ93

ORQJ0WHUP/#LQWHUJHQHUDWLRQDO#WUDQVIHUV#GLIIHUHQWO\#LV
WKDW#DQ#LQGLYLGXDO*V#UDWH#RI#WLPH#SUHIHUHQFH#+ZKLFK
SUHVXPDEO\#DSSOLHV#RQO\#IRU#KLV#RU#KHU#OLIHWLPH/#RU
LQWUDJHQHUDWLRQDOO\,# PD\# GLIIHU# IURP# KLV# RU# KHU
EHTXHVW#PRWLYH#IRU#IXWXUH#JHQHUDWLRQV1##$W#OHDVW#RQH
HPSLULFDO# VWXG\# VXJJHVWV# WKDW# LQGLYLGXDOV# PD\
LPSOLFLWO\#DSSO\#ORZHU#GLVFRXQW#UDWHV#IRU#SURJUDPV
ZKHUH#WKH#EHQHILWV#DFFUXH#ODWHU#LQ#WLPH1 #,Q#DGGLWLRQ/94

SHRSOH#PD\#DWWULEXWH#WKH#VDPH#OHYHO#RI#LPSRUWDQFH
WR# DOO# HYHQWV# WKDW# RFFXU# LQ# WKH# IDU0GLVWDQW# IXWXUH/
UHJDUGOHVV#RI#WKH#UHODWLYH#SRVLWLRQ#RI#WKHVH#HYHQWV#LQ
WLPH1#$FFRUGLQJ#WR#:HLW]PDQ/#DQDO\VWV#VKRXOG#DSSO\
WKH#ORZHVW#SRVVLEOH#QRQQHJDWLYH#UDWH#WR#HYHQWV#LQ#WKH
IDU0GLVWDQW#IXWXUH195

$OWKRXJK#VRPH#RI#WKH#DUJXPHQWV#IRU#XVLQJ#DQ
DOWHUQDWLYH# GLVFRXQWLQJ# SURFHGXUH# IRU# ORQJ0WHUP
EHQHILWV#DQG#FRVWV#DUH#SHUVXDVLYH/#LPSOHPHQWDWLRQ#RI
DQ# DOWHUQDWLYH# SURFHGXUH# LV# QRW# VWUDLJKWIRUZDUG1
7KHUH#DSSHDUV#WR#EH# OLWWOH#JXLGDQFH# LQ#WKH#H[LVWLQJ
HFRQRPLF# OLWHUDWXUH# RQ# WKH# NH\# LVVXHV# RI# ZKDW
GLVFRXQW#UDWH#WR#XVH#IRU#ORQJ0WHUP#YHUVXV#VKRUW0WHUP
GLVFRXQWLQJ#DV#ZHOO#DV#ZKHQ# WR#DOWHU# WKH#GLVFRXQW
UDWH1# # 5HFHQWO\# GUDIWHG# # (3$# JXLGDQFH# RQ# WKH
FRQGXFW#RI#HFRQRPLF#DQDO\VHV/#KRZHYHU/#VXJJHVWV
WKDW# ORQJHU0WHUP# GLVFRXQW# UDWHV# PLJKW# EH

#$UURZ/#.1-1/#:151#&OLQH/#.1*1#0DOHU/#01#0XQDVLQJKH/#5193

DQG#(FRQRPLF#(IILFLHQF\/%#&OLPDWH#&KDQJH#4<<8=#(FRQRPLF#DQG
6RFLDO#'LPHQVLRQV#RI#&OLPDWH#&KDQJH1#(GLWHG#E\#-131#%UXFH/#+1#/HH/
DQG#(1)1#+DLWHV/#&DPEULGJH=#&DPEULGJH#8QLYHUVLW\#3UHVV/##4<<9>
/LQG/#5REHUW#&1/#%,QWHUJHQHUDWLRQDO#(TXLW\/#'LVFRXQWLQJ/#DQG#WKH
5ROH# RI#&RVW0%HQHILW#$QDO\VLV# LQ#(YDOXDWLQJ#*OREDO#&OLPDWH
3ROLF\/%#,QWHJUDWLYH#$VVHVVPHQW#RI#0LWLJDWLRQ/#,PSDFWV/#DQG#$GDSWDWLRQ
WR#&OLPDWH/#(GLWHG#E\#11#1DNLFHQRYLF/#HW#DO1/#/D[HQEXUJ/#$XVWULD=
,QWHUQDWLRQDO# ,QVWLWXWH# RI# $SSOLHG# 6\VWHPV# $QDO\VLV/# 4<<7>
6FKHOOLQJ/#7KRPDV#&1/#%,QWHUJHQHUDWLRQDO#'LVFRXQWLQJ/%#(QHUJ\
3ROLF\1#56+728,/#4<<8/#SDJHV#6<80734>#6RORZ/#5REHUW/#%$Q#$OPRVW
3UDFWLFDO#6WHS#7RZDUG#6XVWDLQDELOLW\/%#3DSHU#SUHVHQWHG#DW# WKH
)RUWLHWK#$QQLYHUVDU\#RI#5HVRXUFHV#IRU#WKH#)XWXUH/#2FWREHU#;/
4<<5/#LQ#:DVKLQJWRQ/#'1&1#

#&URSSHU/#0DXUHHQ#/1/#6HPD#.1#$\GHGH/# DQG#3DXO#5194

3RUWQH\/# # %'LVFRXQWLQJ#+XPDQ# /LYHV1%# #$PHULFDQ# -RXUQDO# RI
$JULFXOWXUDO#(FRQRPLFV/#'HFHPEHU#4<<4=#4743047471#

#:HLW]PDQ/#0DUWLQ# /1/# %:K\# WKH# )DU0'LVWDQW# )XWXUH95

6KRXOG#%H#'LVFRXQWHG#DW#LWV#/RZHVW#3RVVLEOH#5DWH/%#-RXUQDO#RI
(QYLURQPHQWDO#(FRQRPLFV# DQG#0DQDJHPHQW/#9ROXPH# 69/# 534053;
+4<<;,1
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DSSUR[LPDWHG# WKURXJK#5DPVH\#5XOH# GLVFRXQWLQJ/
XVLQJ#HIIHFWLYH#DQQXDO#GLVFRXQW#UDWHV#RI#IURP#318#WR
613#SHUFHQW1 ##7KURXJKRXW#RXU#SUHVHQWDWLRQ#RI#7LWOH96

9,#FRVW#DQG#EHQHILW#UHVXOWV/#ZH#XVH#D#ILYH#SHUFHQW
GLVFRXQW# UDWH# IRU#RXU#SULPDU\# HVWLPDWH1# #:H# DOVR
FDOFXODWH#DOWHUQDWLYH#HVWLPDWHV#XVLQJ#WKUHH#DQG#VHYHQ
SHUFHQW# GLVFRXQW# UDWHV1# # 7KHVH# GLVFRXQW# UDWHV
PDLQWDLQ# FRQVLVWHQF\# ZLWK# RWKHU# DQDO\VHV# RI# WKH
SURVSHFWLYH1#

Costs

0DMRU#XQFHUWDLQWLHV#LQ#WKH#FRVW#HVWLPDWHV#UHVXOW
ZKHUH#LW#LV#GLIILFXOW#WR#SUHGLFW#WKH#SDFH#DQG#QDWXUH#RI
LQQRYDWLRQ# LQ# NH\# LQGXVWULHV1# #7R# WKH# H[WHQW# WKH
PRGHOV#XVHG#GR#QRW#TXDQWLI\#WUDQVLWLRQ#FRVWV#LQ#WKH
ORQJ# WHUP/# WKH# XQFHUWDLQW\# LQ# WKH# FRVW# HVWLPDWHV
LQFUHDVHV1##,Q#DGGLWLRQ/#SUHGLFWLQJ#WKH#UHVSRQVHV#RI
PDQXIDFWXUHUV#WR#WKH#GLIIHUHQW#VHFWLRQV#RI#7LWOH#9,
LV#GLIILFXOW1##7DEOH#*046#OLVWV#WKH#SULPDU\#FDXVHV#RI
XQFHUWDLQW\#LQ#WKH#FRVW#HVWLPDWHV1

#:H# XVH# WKH# GLVFRXQW# UDWH# RI# 318# SHUFHQW# DV# D# ORZ96

QRQQHJDWLYH#GLVFRXQW#UDWH#IRU#HYHQWV#LQ#WKH#IDU0GLVWDQW#IXWXUH1
+)UDQN# $UQROG# HW# DO1*V# 'UDIW# )LQDO# 5HSRUW=# 'LVFRXQWLQJ# LQ
(QYLURQPHQWDO#3ROLF\#(YDOXDWLRQ#VXSSRUWV#ORQJ0WHUP#GLVFRXQW#UDWHV
IURP#318#SHUFHQW#WR#613#SHUFHQW1,
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Table G-13
Major Limitations of Existing Cost Analyses  for Title VI

Sections 604*, 606, and 609

Limitations Effects on Cost Estimates

The assumption of little or no technical innovation in ODS- Inclusion of innovation may decrease the cost estimate.
related industries over the time span of the analysis may be
inaccurate.

The model does not quantify transition costs, such as Inclusion of transition costs may increase the cost
temporary layoffs, administrative costs, and the costs of estimate.
unknown environmental hazards created by the use of
alternatives to CFCs.

Section 608

The assumptions of the capital and operating costs of A better understanding of the capital and operating costs,
recovery devices and the time necessary to perform as well as the time necessary for recycling, may either
recycling operations are largely hypothetical. increase or decrease cost estimates.

The extent of compliance with recycling rates mandated by A better ability to forecast recycling rates  may either
the Venting Prohibition is very uncertain.   Therefore, the decrease or increase cost estimates.1

baseline assumptions regarding the percentages of CFCs
that are actually recycled are also very uncertain.

The baseline recycling value assumes no innovation in Including innovation in recycling technologies may
recycling technologies through 2017, which may be decrease the cost estimates.
inaccurate.

Section 611

Manufacturers' responses to the labeling requirement may A better ability to forecast manufacturers' responses  may
include labeling, reformulating products, ceasing production, either decrease or increase cost estimates.
or petitioning for an exemption to the labeling requirement.
Predicting the frequency of these responses is difficult.

Note: *We do not include the costs of the methyl bromide phaseout  in the total cost estimate because the RIAs do not provide
the benefits of this phaseout. The cost estimates for the methyl bromide phaseout are uncertain, because the model
assumes that the demand for output manufactured with methyl bromide is perfectly inelastic and that the methyl bromide
production industry is perfectly competitive.  While these assumptions may be unrealistic, they allowed the analysis to
focus on consumer impacts and ignore effects on output markets.

The Venting Prohibition is essentially a recovery and recycling requirement.  For more detail see ICF (1993).1 
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Benefits

6HYHUDO#IDFWRUV#FRQWULEXWH#WR#XQFHUWDLQW\#LQ#WKH
EHQHILW# HVWLPDWHV1# # +6HH#7DEOH#*047# IRU# D# OLVW# RI
PDMRU#OLPLWDWLRQV1,###)RU#H[DPSOH/#VFLHQWLVWV#KDYH#DQ
LQFRPSOHWH# XQGHUVWDQGLQJ# RI# WKH# SURFHVVHV# WKDW
JRYHUQ#R]RQH#GHSOHWLRQ#DQG#DIIHFW#H[SRVXUH#WR#890
E# UDGLDWLRQ1# # ,Q# DGGLWLRQ/# WKH# GRVH0UHVSRQVH
FRHIILFLHQWV#UHODWLQJ#890E#H[SRVXUH# WR#PHODQRPD
VNLQ#FDQFHU#DQG#FDWDUDFWV#DUH#GLIILFXOW#WR#HVWLPDWH1
6FLHQWLVWV#KDYH#QRW#\HW#GHYHORSHG#TXDQWLILHG#GRVH0
UHVSRQVH#UHODWLRQVKLSV# IRU#VRPH#EHQHILWV/#VXFK#DV
UHGXFHG#GDPDJH#WR#WKH#LPPXQH#V\VWHP#IURP#890E
UDGLDWLRQ1# #$V# D# UHVXOW/# WKH#EHQHILW# HVWLPDWHV#PD\
HLWKHU# RYHUHVWLPDWH# RU# XQGHUHVWLPDWH# WKH# WUXH
EHQHILWV#RI#7LWOH#9,#SURYLVLRQV1

'DWD# OLPLWDWLRQV# DOVR# LPSHGH# DWWHPSWV# WR
PRQHWL]H#FHUWDLQ#EHQHILWV1##)RU#H[DPSOH/#WKHUH#DUH
ZHOO#HVWDEOLVKHG#FRQFHQWUDWLRQ0UHVSRQVH# IXQFWLRQV
WKDW# ZRXOG# DOORZ# XV# WR# PHDVXUH# WKH# HIIHFWV# RI
WURSRVSKHULF#R]RQH#RQ#IRUHVWV1##:H#DUH/#KRZHYHU/
XQDEOH#WR#XVH#WKH#&5#IXQFWLRQV#EHFDXVH#ZH#GR#QRW
KDYH#WKH#QHFHVVDU\#PHDVXUHG#FKDQJHV#LQ#R]RQH1##$V
D# UHVXOW/# ZH# DUH# DOVR# XQDEOH# WR# PRQHWL]H# WKHVH
EHQHILWV1##

$QRWKHU#GLIILFXOW\#LQYROYHV#WKH#ORQJ#WHUP#QDWXUH
RI# WKH# VWXG\1# #3UHGLFWLQJ# LQYHQWLRQ/# UHVHDUFK# DQG
GHYHORSPHQW/#SURGXFHU#DQG#FRQVXPHU#UHVSRQVHV#WR
SULFH#FKDQJHV/#DQG#WHFKQRORJLFDO#FKDQJH#IRU#WKH#QH[W
FHQWXU\#DQG#D#KDOI#LV#KLJKO\#VSHFXODWLYH1#3UHGLFWLQJ
PDMRU#QDWXUDO#HYHQWV# WKDW# LQIOXHQFH# WKH#HIIHFWV#RI
VWUDWRVSKHULF#R]RQH#GHSOHWLRQ#LV#DOVR#GLIILFXOW1 ##2XU97

LQDELOLW\# WR# IRUHFDVW#ZLWK# DFFXUDF\#PD\# FDXVH# WKH
EHQHILW#HVWLPDWH#WR#EH#WRR#KLJK#RU#WRR#ORZ1

/DVWO\/#WKH#TXDQWLWDWLYH#DQDO\VLV#RI#7LWOH#9,#GRHV
QRW# DFFRXQW# IRU# SRWHQWLDO# LQFUHDVHV# LQ# DYHUWLQJ
EHKDYLRU#+H1J1/#SHRSOH*V#HIIRUWV#WR#SURWHFW#WKHPVHOYHV
IURP#890E#UDGLDWLRQ,1##0XUGRFK#DQG#7KD\HU#+4<<3,
HVWLPDWH# WKDW# WKH# FRVW0RI0LOOQHVV# HVWLPDWHV# IRU
QRQPHODQRPD#VNLQ#FDQFHU#FDVHV#EHWZHHQ#5333#DQG

5383#PD\#EH# DOPRVW# WZLFH# WKH# HVWLPDWHG# FRVW#RI
DYHUWLQJ#EHKDYLRU#+DSSOLFDWLRQ#RI#VXQVFUHHQ,1 ##7R98

HVWLPDWH# EHQHILWV/# WKH# 7LWOH#9,# DQDO\VLV# UHOLHV# RQ
HSLGHPLRORJLFDO#VWXGLHV/#ZKLFK#LQFRUSRUDWH#DYHUWLQJ
EHKDYLRU#DV#FXUUHQWO\#SUDFWLFHG1###2PLVVLRQ#RI#IXWXUH
LQFUHDVHV# LQ# DYHUWLQJ# EHKDYLRU# PD\# QRQHWKHOHVV
RYHUVWDWH# WKH# EHQHILWV# RI# UHGXFHG# HPLVVLRQV# RI
R]RQH0GHSOHWLQJ# FKHPLFDOV1 # # 7KH# DQDO\VLV# PD\99

XQGHUVWDWH#WKH#EHQHILWV/#KRZHYHU/#LI#LQGLYLGXDOV#DOWHU
WKHLU#EHKDYLRUV#LQ#ZD\V#WKDW#FRXOG#LQFUHDVH#H[SRVXUH
RU#ULVN#+H1J1/#VXQEDWKLQJ#PRUH#IUHTXHQWO\#DQG2RU#IRU
ORQJHU#SHULRGV,19:

#)RU# H[DPSOH/# YROFDQLF# HUXSWLRQV# LQFUHDVH#GXVW# OHYHOV/97

ZKLFK#PD\#DIIHFW#ULVNV#IURP#VWUDWRVSKHULF#R]RQH#GHSOHWLRQ1## $XWLHU#HW#DO1/#4<<<1

#0XUGRFK/#-DPHV#&1#DQG#0DUN#$1#7KD\HU/#%7KH#%HQHILWV98

RI#5HGXFLQJ#WKH#,QFLGHQFH#RI#1RQPHODQRPD#6NLQ#&DQFHUV=#$
'HIHQVLYH# ([SHQGLWXUHV# $SSURDFK/%# -RXUQDO# RI# (QYLURQPHQWDO
(FRQRPLFV#DQG#0DQDJHPHQW/#4<<3/#SDJHV#43:044<1

#$OWKRXJK#'U1#0DULDQQH#%HUZLFN/#DQ#HSLGHPLRORJLVW#DW99

0HPRULDO#6ORDQ0.HWWHULQJ#&DQFHU#&HQWHU#LQ#1HZ#<RUN/#LVVXHG
D#VWXG\#LQGLFDWLQJ#WKDW#VXQVFUHHQV#DUH#LQHIIHFWLYH#LQ#SUHYHQWLQJ
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Table G-14
Major Limitations of Existing Benefits Analyses  for Title VI

Limitations Effects on Benefits Estimates

Scientists have an incomplete understanding of A better understanding may either increase or decrease
& the chemical and physical processes that cause ozone the benefits estimate.

depletion, 
& the relationship between ozone depletion and exposure to

ultraviolet radiation (UV-b), and
& the dose-response coefficients relating UV-b exposure to

melanoma skin cancer and cataracts.

Scientists have not yet developed quantified dose-response Additional dose-response relationships will increase the
relationships for some benefits, such as reduced damage to benefits estimate.
the immune system from UV-b radiation. 

The long term nature of the studies introduces a significant A better ability to forecast future events may either
degree of uncertainty.  For example, predicting innovation, decrease or increase benefits estimates.
research and development, producer and consumer responses
to price changes, technological change, and major natural
events for the next 100 to 150 years is difficult.

Although truncation of benefits and cost streams is necessary The current method of truncating benefit and costs
for the analysis, it does influence the size of the benefit and streams results in a greater underestimation of benefits
cost estimates. than costs.

The RIAs do not account for averting behavior (i.e., people's Inclusion of averting behavior may decrease the benefits
efforts to protect themselves from UV-b radiation) or behavior estimate, while inclusion of enhancing behavior may
increasing exposure or risk (e.g., increased sunbathing). increase the benefits estimate.

Not all RIAs for Title VI include comprehensively monetized More comprehensive monetization will increase the
benefits, due, in part, to key data gaps (e.g., accepted benefits estimate.
concentration response functions for ozone effects on forests).

Section 608

The extent of compliance with recycling rates mandated by the A better ability to forecast recycling rates  may either
Venting Prohibition is very uncertain.  Therefore, the baseline decrease or increase benefits estimates.
assumptions regarding the percentages of CFCs that are
actually recycled are also very uncertain.

The baseline recycling value assumes no innovation in Including innovation in recycling technologies may
recycling technologies through 2017, which may be inaccurate. increase the benefits estimate.

Section 611

Manufacturers' and consumers' responses to labeling rules are An enhanced ability to forecast their responses may either
difficult to predict. increase or decrease the benefits estimate.

Benefits attributed to labeling regulations may actually result Consequently, the benefits resulting from this rule may be
from other circumstances as well. less than the estimate included in the RIA.

Although some sectors may reduce the use of MCF as a result A better ability to predict people's actions may decrease
of the labeling rule, other sectors may increase their use of this the benefits estimate.
substance.
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581

8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\1#4<<:1#%HQHILWV#DQG#&RVWV#RI#WKH#&OHDQ#$LU#$FW/#4<:3#WR#4<<31#2FWREHU1

8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\1#4<<61#3DUW#5=#7KH#&RVWV#DQG#&RVW0(IIHFWLYHQHVV#RI#WKH#3URSRVHG#3KDVHRXW#RI
0HWK\O#%URPLGH1#

8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\1#4<;<1#&RVWV#DQG#%HQHILWV#RI#3KDVLQJ#2XW#3URGXFWLRQ#RI#&)&V#DQG#+DORQV#LQ
WKH#8QLWHG#6WDWHV1#1RYHPEHU#61#

8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\1##4<;;1#5HJXODWRU\#,PSDFW#$QDO\VLV=#3URWHFWLRQ#RI#6WUDWRVSKHULF#2]RQH1#$XJXVW
41
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8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\1#4<;;1#)XWXUH#&RQFHQWUDWLRQV#RI#6WUDWRVSKHULF#&KORULQH#DQG#%URPLQH/#(3$
733240;;03381#$XJXVW1

8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\1#4<;:1#$VVHVVLQJ#WKH#5LVNV#RI#7UDFH#*DVHV#WKDW#&DQ#0RGLI\#WKH#6WUDWRVSKHUH1

9DOHULH/#.1/#$1'HOHUV/#&1#%UXFN/#&1#7KLULDUW/#+1#5RVHQEHUJ/#&1#'HERXFN/#DQG#01#5RVHQEHUJ1#4<;;1#%$FWLYDWLRQ
RI#+XPDQ#,PPXQRGHILFLHQF\#9LUXV#7\SH#4#E\#'1$#'DPDJH#LQ#+XPDQ#&HOOV1%#1DWXUH1#9RO1#6661
0D\#81#SDJHV#:;0;41

9LVFXVL/#:1.1#DQG#:1#(YDQV1#4<<31#%8WLOLW\#)XQFWLRQV#WKDW#'HSHQG#RQ#+HDOWK#6WDWXV=#(VWLPDWHV#DQG
(FRQRPLF#,PSOLFDWLRQV1%#$PHULFDQ#(FRQRPLF#5HYLHZ1#9RO1#;31#1R1#51#SDJHV#68606:71

:DVVRQ/#-RKQ#DQG#6WHYH#$EVHFN1#4<<81#%0HPRUDQGXP=#)XUWKHU#'HWDLO#RQ#WKH#&RVWV#DQG#%HQHILWV#RI#3KDVLQJ
2XW#2]RQH#'HSOHWLQJ#6XEVWDQFHV/#(3$#&RQWUDFW#1R1#9;0'703436/#:$05381%#3UHSDUHG#IRU#-LP
'H0RFNHU/#8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\1#2FWREHU#<

:HLW]PDQ/#0DUWLQ#/1#4<<;1#%:K\#WKH#)DU0'LVWDQW#)XWXUH#6KRXOG#%H#'LVFRXQWHG#DW#LWV#/RZHVW#3RVVLEOH#5DWH1%
-RXUQDO#RI#(QYLURQPHQWDO#(FRQRPLFV#DQG#0DQDJHPHQW1#9RO1#691#SDJHV#534053;1

:KLWWHQ/#*1=1#DQG#01#*HU\1#4<;91#%(IIHFWV#RI#,QFUHDVHG#89#5DGLDWLRQ#RQ#8UEDQ#2]RQH/%#(3$#5HSRUW
9332<0;#93491#3UHVHQWHG#DW#(3$#ZRUNVKRS#RQ#JOREDO#DWPRVSKHULF#FKDQJH#DQG#(3$#SODQQLQJ1#(GLWHG
E\#+1#-HIIULHV1#
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>7KLV#SDJH#OHIW#EODQN#LQWHQWLRQDOO\1@


